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ABSTKACT 
•me amkiililQit mta vtwjo»ltio« of aio|t«a aHartora* of 
CoCljj • iQ^n^)^m oitd %€l^ {A m Jia, GO, and i*fl) • (C i^i^ )^ MCl 
liflnro ti«on iMfttarea a« fimoUcmo of tonperaturo end ooapotitloa* 
ViMOfflUea tiaro booa fitted to aovorol fonottoaat foras basaa 
oa iti(i f)r«o««rolanG nodol and tile paraaotora ooc^utad on oa Iiiii-
tl3fl ecnaptitor* Tho par^soterst i aad M^  liave been found to bo 
ind<iii#ada»t of tlio arathod of aeasareAicmit (aa ttte oonduotoooas 
and vtaoosities jriotd tbo fsaso results for t^ and H^ > but ratiiDr 
df?pend upon the ohefiiioat nature of th& glasa-foxtoing aelta* iHo 
too^crnttire deftondenoe of the energy of aotivation has been 
oxplaia^d ia terms of tei^erature depeadont potontlal ma^rsy 
barrier tifiloii alldly depends upon ttio ooiaiiosltlan in tEie lo« 
oonoentratlon range while sit^nlfloantly ia tho hli^ hor ooaoentra-
tion range ns tie equivalent ooaoeatatioa H approaches a speoifio 
eoaoeatratiott \ for a siven tenperature at «hioh the solution 
would be eirpeeted to lose i t s liquid oharaeter mad traasfoms 
te a glass* Hie poteatial eaergjr aodel essentially based oa the 
intaraeleealar forees haa been euggested as a physioally aoeept-
able aodel for esiplaiaing the aeehaaisa of visooas flov of liquids, 
T -
Aa t%9 •qaivalent eonetatraUoii M approaobM N^ t tlt« 
•«ifiCttrfttt<'n*l otttropy ! • e3qi«Qt«d to approaeb • aiaiaua valtt«» 
til* t««peratar« T «pproao{i«« T^ f the energy of «oUTatioii for tli« 
TlMont flov liieroM«s uttruDtljr with a siwiltan^ous deoreaao in 
tli« range of intoraotion r* an inoroaae in ttio iateriKileoulor 
foreot ro«i1ttt in ttte aaaooiatinn (as evideneoa tsy the nm* 
linear viscosity - eonoontratian enrros «iiiob iadioato the 
ooonrrenoe of noteettior asaaclationa) of suoh sfooitiSf 
^ *4'^**2^^^4«7 "^ "^"^  (The transition wstal halides readily 
dissolve in organie halidoa of large £'eatUmJ/£'mniQnJ^ to 
<;ive otear solationsf the sibaorption apeotra of whioh suggest 
the proseno© of tetriidtedral tetrahalonetalatesf L^Jt^iJC'^X,^ ""^ *" 
«H!iere % stands for either the wm» or different alliyl groups while 
M for the transition isatal ions and n for the ionio charges or 
the oxidation states of the nstal ionst respeetively) leading 
to a highly viseous liquid containing the flowing entit ies of the 
tons, /*{A^^*)2^^«^ "^*"**^-^i« «J**«»h » depends upon the 
polyaerio tendencies or the eartent of association of these speoiasi 
and the aelt eventnally stipereools to a glassy naterial, iliese 
raeetts are snpported Iqr the optical speetrst deasitiest 
•leetrioal eeadnetaaees and • i s sos i t i e s aeasttred for sueh systeas. 
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ABSTRACT 
Tli« doasltlos and •Iteos l t ies of aol%«a aixtiirot of 
cocijj • ic^n^i^m and MCljj (M - am, co, ana Nt) • (c^flg)^nci 
lifive been neaflared as fuootiona of tei^peratoro and oo^poaltion, 
Vlsenaitiea hare been fitted to aeveral fitnotional forae baaed 
on the frae«<roluae aodol and tbe paraaetera ooi^uted on an laum 
1130 ooaputer. The paraaeter8» r^  and H^ have been found to be 
Independent of the aethod of aeasnrearat (as the oonauctanoea 
and vlseoaltlea yield the saae results for S^ and :«^ ) but rather 
d^ond ttfium the ohealoal natare of the gleesofonalng aelta. Hie 
teo^erature dependenoe of the energy of aotlvatlon has been 
explained In toras of tei^ierature dependent potential energy 
barrier which alldly depends i^ ioa the eoaposltlon in the lov 
ctoaoentratlon range while elgnlfloaatly In the higher oonoentra* 
tlon range as the eqnlTaleat eoaoentatlon M approaohee a speelflo 
eonoentratloB H^ for a glrea temperature at which the solution 
would be expected to lose I t s llqald oharaoter and traasforas 
to a glass. The potential energy aodel essentially based en the 
Interaelecttlar forcea has bsaa sa||gested aa a physlaally aoaept-
able aodel for explaining the aechaalsa of nsaous flew of liquldi 
M th9 •qalip«l«iii ooaeMtrfttioii if appromh— K^ » tti« 
«OBfigiir«tionftt •Rtropjr i s exp«ot«d to approach m oiaiaaa iraiii«| 
tli« t««per«tur« f «fiproaoli«« T^t ttio onergy of MtiVAUon for ttio 
• i M o n * flow ineroasoo almiptly with • oinultonooas aoeroaoe l a 
tlio raage of tntometlon r§ «a iaoreaoo l a tbe laterooleoular 
foroeo results I n tlie sssoolatlon (as ovldeaosdi hy tbe aoa-
llaesr vlsooslty - eoaoeatratlon earvos sliloh ladloato tlio 
ooeurrenos of nolaoular assoelatloas) of saoli spooleSf 
(A^il*)g£llt^jr -^* -«) (Th© traaslt loa TOtal ttalides roaailr 
aissolvo la orgaale lialldos of largo /"oatloaJTZ/^aaloaJT to 
gliro oloar 801iitloas« tbo ^sorpt loa spsotra of wbloli mggost 
tho prosoaoo of totraliodral tstralialoiiotalatosi iA.U*)J^MX^^ - \4«a) 
wiiero A stioids for oltlier ^ o s«»io or dl f fsroat alkyl groups vli l ls 
U for tlie tr t t isl t loa natal loas aad a for tho loale obarges or 
ttio oxliattoa states of ta« natal lonst rospeetlvsly) leadlag 
to a highly vtseotts l l t a l d ooatalalag the flosing oat i t les of ths 
f o m , / * C A ^ l f * ) j ^ i l X ^ - ( 4 - « ) j ^ j j j ^ j ^ l j ^ dsponds aptm the 
polyaerlo teadeaeles or the evteat of assoelatloa of these speeiesf 
sad the ae l t eireataally siipersools to a glassy aa ter ia l . These 
resalts are sapported W *he optleal speetra» deaaltlest 
slestr leal eoadaataaaes tmi Ttssosl ^ s s Bsasared for sash systeas* 
(11) 
tmrnwcnuH 
The deaaitiesf visoositiea, eleotrioal oondttotanoes ana 
ofitloal apootra hare been Measured la aeireral auiltea salt 
syetena • ''aoh raeasttrenenta hare also been reported in 
tha ease of glaaa-forndag otelta* the ability of molten organic 
halides of large /*eationJ7/jf"anlottJ7' to JTaiQilitate the foraation 
of tetrahedral tetrahalosteitalates has rcseently been reported *'^ « 
!!etal halif1a->rioh nKlxtares of aaoh organic halities containing 
^ . 9»10,12*16 
(A n^ )A^X| (n«?l|p} have been found to mperoool to glaaey states • 
The degree of dissociation of . 1 ^ i s negligible in pure iA.B^^iix? 
as apparent from thei deoreaeoa in t ie elcotrionl ooaductanoes^*' 
with (M'sc ), ileoanse of the small interisolecalar distanoeSf r 
the speoiost i^^^^^^'^^^J/ *** appear to be heltl together 
with inoreased interaolecular forces at low te^eraturoB« resulting 
in a highly viscous l i ipid ^ e to the presence of highly associated 
ftowini entities of the fora, [(A^Jl*)^i4X^ -(4-n) J^ ^ ^^ 
optical speotra » densities* iriseositles , and electrical con* 
duetMioes of such systeaa suggest a relationship between the 
Melts on one bsod and the corresponding glassy state on the other. 
With Mis ala in «ittd» the eleatrioal conductances, 
densities and rlsoesit ies of several glaas-foraing aelts hare been 
Measured with a riew to understanding the differences in the 
. a -
ordinary • • l i t and tb« luparoool^d aat«rials, and also tbe 
faatora govamiag tha glaaa<-fomlng tandaaelaa of tiieaa nalta, 
Tha tliaorotloat a«p<s«ta daallng wltii ttia probable modata 
(^poadix A) propoaad for daaortbing Uta owotiMilaa of tha 
ktnoMatlo Tlwoaa flour of :«ewtontaii llqalda (Appendix d) , 
tenparatMra &a^ ootnposittoa depoadeaeaa of ftnidittos nod ttie 
oeti¥ation eaergiesf aodels far explaining the visooaities aa 
fanotioaa of tonporatare and Qon^ositiony and tbe applioatiility 
of the .?alden*0 prodteet rule aa funeUona of teaperattire end 
eoflipaaition liaira also been exaniaed* 
The preaent xrovk^ tlierefore» deals with the density and 
tn© viscosity sieaaiireaontd of StiClg • Bu^ HI and MCI (M • mp 
COy and ft) 4* fltt.^ iCl ayt^ tena as functions of tos^erature and 
ooiapoaitioa* Die»e reaalta Ume been interpreted in. tarns of the 
paraaatars of ^ e following eqaationa baaed em tho free volane 
modalt®**^"*® 
0 » A expt^^v^T^) 
# • a • bt • at* J . 0 - a»axp/"-4iV(l'-o')J', o^^^A 
0 m k. f**''*axp/'-li^/(T-T )jr . . . (constant 
^ F » ooii^osition) 
vliara A, b«» aibtay a*t1i*ta*t A^ » fe^ and T^  are aoaataatat 
«^(C) and f ( ^ ) aland far tiM tanfaratara on the two aaalaai and 
Tf attd v^ atand far Hia fraa velaae and the apaaifia l init iag 
•at««a «tt O^Kf raapaattvaly* 
• 3 • 
Thn ooiiiit«iit« A^  and »> ar« otiarMUrislio of the traiit-
Tiort proo«8s teia tlte ehsa&eal s3rateiB« and f^ » v «a<l ^^ tur^ 
onnnttsntB of tha olieiiioal system alono provldad tha extamal 
prasflure i» ketit constant as i s tha oasa hera* -i exprasses tba 
tieTi€A<3eno€> of r^  on oonoantratloa ??• 
In this tra3r« the data hatva ^au flttad to aevarai tttno<*> 
tlonal foras basad on the free yoluate midalt tlis anergios af 
ftotivatlon ooo^tttad» tha ratio of anergias of activation of 
visooaitiea to that of oXeetrioal oondaotanoas ooo^arad for 
thoaa »y««toffl8, the relationship hatwaan tha ^'^J^A* values and tha 
oationio fiotantials exa»inad for the f^*a dataratinad from the 
oondttotrtnoe and visoasity ttaasuroiBontstthe Jaidan*s products 
examined at savaral taaperatures for seTeral oonpositionsf and 
finalist the potaatial barrier nodal (strttotura taaHing and 
hraatciag) as a resnlt of intaraolaaular foroas has bean oonsi-
dared (as physioally aoaeptable nodal) for axplainin^^ tha neohenisa 
of r i aeons flair of lii|uids« 
- 4 « 
Chewtoftlii. Toluene {nm)^ n-ootane {ami) and quiaoline 
(RI'.IKTJ mir^ HAfi!; %:\:hZHMivm<Wm) were useil as oaltbratiiig 
liq<ild9« fUese liquids wore diatiiiedy dried and purified 
before «»©• 
t^istittftttna ef totuene * Oonaeroial telneno contains 
aethjrltltiophenes (Tbiotoluene) b*p« ii2-ii3^0» tsliioli oannot be 
resioved by distillation* Xu order to remove tbiopbenesy toluene 
was purified by shaking i t witlii oonoentrated sulpburio acid due 
to greater ease of sulphonation* She liquid was sbalced repeatedly 
with about iS « of i t s voluoe of oonoentrated sulpimrio aoid in a 
stoppered separating fumtel until tbe aoid layer beoaae oulourless 
on standing* or until ^e tblopbeae test was negative* .\fter 
eaeh shaking* tbe aiirture was alloved to settle and tbe lover 
layer of aoid was drawn off* Tben i t was sbaked several tiaes 
with water (until tbe yellow eolour of pi{ paper persisted in 
order to renove aest ef tbe aoid), onoe witb ia^ sodiua oarbonate 
sotntioa, foltowsi by water, and finally treated witb aabydrous 
aaleittM ebloride, and was allowed to stand for 24 boars witb 
ealeioB ebleride to resovs aoistttre* After f i l tration, toluene 
«• 9 «i> 
«M dt«till«d throttgti an %tti^im% ooluan utiii« onliydroas oaloluA 
elilor|d» tube and the fraotloa (b«p« li3*li3^C} oolteeud. la 
order to obtain perfaatly dry tolaaiie» sodlua wiro WM iatro-
dnead into thm d ist i l lad l i ^ i d . Attar two to tiiraa daya, tba 
liquid waa filtered and oaed for vlaoosity aeaatiraoanta* 
on Piatillation of n-oot«ie . n«<^ >etaao was ahalced repeatedly 
vA%h lO'l the volutas of eoneeatrated salpHarie aoid to rattova 
nnaaturated hydrocarbon* fbie li<pid waa treated witli oonoeatrated 
sulphnrio aoid for about five aiinutea dnratlaiit until the maid 
waa no longer oolotired* The liqnid was then washed a^sveral timea 
witi) water, iO'f> sodittu oarbonate aolationi and finally with water* 
Tt waa allowed to stand with anhydrons oaloittu ohloride for 43 
hoar!?, \fter filtration the li(|uiid was diatil led and oolleoted 
at b»|t* i33 • i24^C, Ttie dist i l led liquid waa placed over ^odiua 
wire to obtain perfectly puro product* 
ihirification of quinoline. guiootine waa dried and aiati l led 
oyer anhydrous oalcius chloride* fhe dist i l lat ion through an 
effloinnt ooluna waa repeated twice in order to get a purified 
oolourleaa liquid (Pure qiiiaoline has b*p* SiS^O)* 
Purification of aaataga and ether uaed for r«anr«talliaatioii 
Tatra-a«lnitrlaMonitt« iodide waa recryatallised seraral 
tiaea fraa ••e««tta<^tlMir «ixt«ra« 
• 6 -
90 
ri|r4fle»tl<m of 4e»toag* • .\oetoii« ««• rentuced witb mkoee9mlr% 
• •a l l qomtltlds ot potatsiaa p«maiigaiiate until the Yiol«t ooloar 
pttrfflsteA* It was then dried vFith anhydrous potaeeiuM oarhonate 
or anhydrous ealelt&B sutphatOf Cllterod and fraetlonated* Jpeoial 
oare was taken to reaove noisture* 
^urtfAoetlon of ether"^ « fho chief impurities in ooaoeroial 
ether are water, ethyl aleohol, and ethyl peroxide* fhe prosenoe 
of pereaddee tmf ho de too ted either hy the liheration ot iadine 
\thQn a f^aall eamplo i s shalcen nith an equal voluae of j . ^ potassiua 
iodide solution and a few drope of dilute uci or hy carrying out 
* 
the perohroinie aoid test vrith potaasiua diohroaate solution aoidi* 
fiod with dilute <tq^ .^. lit order to reaove these pero3cide8» ether 
WBB freshed with oonoentrated solution of ferrous sulphate and 
triply dist i l led water and separated. I t was dried over anhydrous 
oaloinm chloride and then dist i l led ether was transferred to a 
ooloured hottle. The sodiua wire was introduced directly into the 
ether and allowed to stand for 24 hours for re»oving ewen the 
last traees of aoisture* 
Wecrystallisation of Bu^ ffX *^^ .^ The salt was dissolved in a 
aiaiaua aaount of aoetone and ether was added until precipitation 
oooaeneedy at that point the solution cooled and the resulting 
crystals were filtered in a fritted glass funnel. After a 
•» T •• 
prcllwiaanr drying thtt salts v«rs finely groand and drisd in 
•sanua over P^ 'J^  at SO**c. 
Tiyviag of Btt|^ Ngl> (rr«at eare was taSseii to ensure ooaiilete 
drying of tetra-butytwraioaitta ohlori^* A required anioiint of tbe 
salt was transferred to a boiling tube in a d^ Y box wHioii was 
iilroady flushed with pare dry nitrogen, the aootb of tHe tube 
was irrafipe^ and tied np with a graviaetrio f i l t er fmi^ er. I t was 
then placed in a donble walled laokot for drying the sample in 
vaonttta over nHiosithoruLS pentoxide (pyrex glass quiofic f i t f^paratus 
was used for this purpose)* rhis saaple was transferred to a 
veonum dosiooator in a dry box* 
"^ronaratiim of anhydrouaj aetal ohlorides. '^uinoline (JUiAi 
and oowaoroial linseed oi l ware used Cor the pnrifioation of 
thionyl chloride* Aahydrons aatal chlorides were prepared fros 
their reorystallised hexahydrated salt usin^ the purified and 
dist i l led thionyl ehloride (Kiodel}« 
l*urifioation of Thioayl ehloride^-^— the teebnioal product 
eontaias traoas of soids and other iapurities. The acid iapurities 
were reaoved by fraotioaatiag i t twice in a glass apparatus using 
qoiaoline and boiled linseed oil« The fraotion« b*p« T6«78\ 
was aalleated in a wwll fitted glass bottle* 
*•* 9 <** 
9r«p«r«ti(iii of mUxf&roum a«tiil ( I t ) eIilort<l«»^^*''^— fti« 
ixf^rmtmA sfttt ««• tr«at«d ititti ireaibtlf disUllfktf tlilonyt otilorldo 
to r9maw9 ni t t!i« snlptour dioalAo pr«miit in i t * Idi* oaness of 
tttloiiyl otiloria« was reaoYod lijr d i s t i l I at ion i n vaouo uaiiig « 
piir« firy Bitr<ig«ii bleed* flie «ahy4r<mm t a l t was f ine ly griniad 
and was Icnpt in a vaeaua dasiooator 07or iiotassiiia bydroxide* 
fha liydrated aatt of Mangenoao ofittorida (&, :4erote) was 
raeryataltiaed aoveral tis^s from tlioir aa^ratod solutions 
firaparod in t r in ly d is t i l l ed water and boatod u^to t30% in idt 
at^ Kii^ ptioro of diy l^drogim ohloride gaa* l%io hydrogen obloride 
l^ aa was iiroparod by tlio lalioratory aotnod nain^ anlpfuirie aoid 
(wm) $mA net (m^ nm)^ fhQ anhydrous sal t was tbon grotmd and 
atored in a vaonnm do»ioaator over pHoaptioms pontoxida* 
praoaration of tiie aaaolea* A woigbed aaotint of roaryatall iaed 
t@tra««i-i^tylaaaonina tialida «vaa taken in a boil ing tabe and plaoed 
i n a tlterao9tated glyoarol batti. A wai^bad aaonnt of tEoibydroaa 
aatal oblorida vaa added to tba aolten aolvaot and the a i ^ ^ r e was 
heated for seraral hoara ont i l a olear aolntioa vaa obtained* The 
di lute solution required approxiaately iO»ia houra of heating for 
obtaiaiai a olear eolution irtiile ooaaeatrated eolutioa required a 
few diqra* s ia i la r ly a noaber of aolutioas of di f ferent ooapoai-
tions were prepared* 
«. 9 • 
yHI^ |^1l—ttt»tioii. Otiifliltjr and kiaaaatle riseoslty aeasorMieats 
vara mt^e with a mhATUwrnn^^ af O.OOS al divialona «nd oodinad 
C(ttWO?«-4lBHP:Ti05mE VISCOMETER***^ raapaatlTely la a tlMnaostated 
glyaerol bath {* O.l^c) uadar altrogea ataotpliere* Thasa oall* 
bratftd aanlmlerd vlsoonotara of vlaooMatar-eonataata 6«T x 10^ 
(at a iaV) , 3.0 X 10** (at 313**i£) and 9,2 X lo"* (at 3T3,tf®s) 
C^t/seo vara a»ed for this purposa* l^ lia voluae obaiigea In 
(^alaollne during oallbratlon wera raoordad aa a funotlon of 
toai|>«%ratara* T!ia narlca on tho staM of tiie dllatoaoter vara oall« 
bratod hy nslng tho known dansltlas of qnlnollna at aaveral 
temperatures* Tho yaluoa of oaloulatad Yolome of qulnollna ware 
t>totted against tfte division on the atom of ttio dllatoaoter. me 
strali;lit tine obtained wltH the holp of least 8quare-flt» gave the 
total voluBie of the dllntosieter aa nell aa tbe exaot voluae 
between the two suooeaalva divisions of the graduated stea* 
Benaltles were iBieamired nlth an aoauraoy of • a«3,« by the 
standard proeadare of weighing a eallbratad dllatoaoter of approxl* 
aately 5*9 al eqp»aalty« fba dllatooetar was calibrated with ftorl-
fled qulnollae (ftlKPiX) of icnoiitt daosltlas at test taaporatura 
with the help of paraaetars given In fable If using the following 
agination (Appendix C)t 
- ^ • r f, • lO^'o^Ct-ta) • 10"*A(t-ta)* • 1 0 * * n t r t a ) V t 10*^ (1) 
(while t^ • 0*C) 
The oalottlatad deaaltlas of orgaale liquids ware ooopared 
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with tli08« obMnrtd. 
A kno^ m aaowat of the aolten salt solution wm» traiisferrod 
to tho eallhrated dllatoaeter with the holi> of a vaouum pm?* 
Tha oorrciotloa for oabloal oi^aaslim vaa eoMpoaaatad la oallbratloa, 
ini0 dllatonater and vlsooaater naro oleoaod hy washlag/.wltU 
Hot nltrlo aoidt ehroalo aol<!» a sasoousltja of soop-water, and 
donblo dist i l led water and drlod for further oaa* 
M appropriate vljiocmetor was selected io give an efflux 
tine hetween 30 and lOild seo for o nartloular run In order to 
alnlnlse errors. The experiaeatal results were reproduolhle 
within 0«i seo (in the ease of organic liquids) and 1*0 ^ n (In 
the ease of molten salt talxtures)* Overfall mioiarmy of the 
viscosity neasureneats hy suspended level prlnolpte was estlaated 
to he better than • 2»8'l (below 0*1 poise)* Shis speelally 
designed vlsoooMter was used for the detemlnatlon of vlste^»lty 
from the rate of Independent laalnar flow using the well Imown 
equation of *voiimii4U* In whleh the idnetlo energy oorreetlon was 
so«Miwhat alnlalsed by using 6 ots long fine oaplllary of J«a BM 
dlssMter* The Idttatlo energy eonsiant p> depends upon the length 
of the eaplllary as shewn^^ by the relation* - f - ^ j j - . Vlsooaeter 
eenslsts of three parallel tabes 37 o« loagt l»e» reeelvlng* 
W H H B Measnrlagt and smxlllary tobes for foralng the suspended 
level arraageaent In triangular fashion. The reeelvlng tube foraed 
- la -
a *0* vltti tlie aAAmiriiig tulMi tbroagli a liulb U. i^ fi<ltt0lal bttlb 
A was tiealfld wttti the iiMaaoririg tube and tli« two fiduoial aarks 
a and bt wer^ iiMd for reeordilng tli« offlnx tine. I^ no narks, ona 
OH bulb *!}* «ad othor on *C* «rere a^a ia order to iadleate tko 
•fxioiflo yoluna of tha taat liquid in aaaattriag tbo iff lux time* 
Thin ^iiaratus was dasigaed in aaob a way tUatt 
( i ) tHo oantre of gravity of tbe tlurae bulbs A,a end i) ware 
aligned vertically to reduoe tho of foot of aoedaratian aae to 
gravity and ( i i ) tDe resaltiog offlax tine for wator wa» sot 
above ^0 sees, depending upon the dinensions of visootaetars so 
that the experisental errors ware nini^eed* Jpeoial feature of 
a sU9nc*n<lei1 level visoomoter waa that the capillary affects of 
the two li(|tiid aurfncea were neutralissed by oaoli ot^or, so tttat 
tho «iarf»E»e tension oorniation for the apparatus waa negligible, 
and the transport nf ttonentun waa carried out freely under the 
«fei<)(ht of the total volaoe of the test liquid* 
fefioeratura control. In order to naiataia a uniforn tenperature 
throttgh^mt the aeasiureaeat, tha viaooiaetar and the dilatone ter were 
iwMraed in a theraoatatad tlyoo^ol-bath. The bath oonaists of an 
iaaaraion lieatar (iOOOw)i atirrer, and JUNu-omfAcr lUiiHitaiigmus 
/"a.eft lETf^ oHR 0, i «rd, LAaMTSimm.M (aerwa)^, A relay (JUMO-
TTFE T^ iS.o, aao v ^ i s A AAJDE: IM GSfmA y^)wat uaed to control 
the variationa in teaperatore. The overall teaperatara stability 
was within • 0,i*, 
•» 1 3 «» 
fro9m&ur<ii, 3)«ii8lty and •tsooslty »»««areMeats w«r« aod« at 
10^ iatenrats ov«r the t«m»eratttr« range t 313«>393*9^ iC in tHe oaae 
of tolaene and n-ootaae, and at s" Intervals over 313-4 t9^ i£ and 
373^29^ in tile eaaee of qatnoline «id nelten salt atartnresy 
respeotively. 
Thn visoonetor was olaosped In e vertical, position and 
f i l led with A required msount of the liquid «lt^ tlie Hel]^  of a 
vm»tttt!9i T)tir!^ « the volnrae of the tost lluald shanld t»o stifflolent 
enoa l^i no timt no air balihlo mta Introduced In the oe^lllary tuhot 
whtt«» the vlsooaeter was f i l l ed , fhe vleooeieter containing the 
ftatupln man <ilaoed In a theraostated gl^oerol hnth fur 30 laluatee 
heforo recording the datn ao that the theroiat fluctuation In the 
vl^eoaeter wa«i olnlalsed* fhe vleooneter f i l led with the liquid/ 
melt was allowed to a tend for «oa»tlne la the vleooaieter (3 
ulttutea In the ei^ se of organic lltinlds and 30 talnutes In the case 
of Molten salt sfstena) hy closing the tubee with the help of stop« 
oorlce, 'Fhe mbher a toppers were then re»oved from the tubes t and 
the time of fal l of the llquld/nelt froa the upper fiducial aark 
a* to the lower aark b* was noted several tlaea (tea tlaes In the 
caae of organic llqalde and three tlaea In aolten alzturee^ and 
the aean of these aeaaureaeats recorded at a set tei^^eratare* 
tfelng the above procednrct f irst vlsooaeter (vlsooaeter 
constaat 9»T x 10 (stokes/see) waa calibrated with n«K>otiBBe 
at several teaperatares. Toluene waa used as a reference liquid» 
tlMi •laoositio* of witloli mire eatottlat«a aslng tli«/(8Xpr«8sloii''^« 
TliA o1i««rv«4 vi8eofilU«s of n«>ootMU» wore ooi^ortd nitti thos« 
^•loulatod' ma an «rror of * a«6^ was f oiutd la ttie raaga of 
0^004*0,003 p^ 7h@ visooaitles of the teat liqaia« qaiaollne 
wei^ (feterttlned wltli the help of the oalibrated viaooaetor at 
Sia*:^?*^'^^ aslng ti<-oetane as a referenoe liquid, and were fotina 
between li^HllS ii hy extrapolating the plot of iU'' log j^^  versus 
to /T* Hieso extrapoloted values were used as refereooe for tiie 
oalibrntioa of the second {f\m 3»6 x to Q stottes/seo) and third 
iPg^m 3,3 at 10*^0 stokes/seo) visooaeters (jfahles XI and III ) . 
The efflux time of quinolino at the test teaiperatures wej 
reoorded using those two visoometers* Bius the visooiaaiur 
oonstants {(hmft/-o ) at eaeh test teiaperature were ealoulated 
fro» 3T1 to 429**IC ttsins; standard values of viscosit ies of iiniaoliae* 
*^inatl|'t the calibrated viscometers were employed fer the determi* 
nation of viscosit ies of molten salt mixturesin the said rani^ e of 
temperature. The time of flow of orgwtio l i p i d s was reproducible 
within • O.i"^  while those of molten salt mixtures withia ^ i,a*3*34 
These measaremeats were made ia a deseeadiag as well as ia 
an asceadinc erter of temperature* The aiUl/droas calcium chloride 
tubes were attached to the opea ends of tlM viscometer to avoid 
the absorption of w»istarc. 
The viscosities of liquids were calculated at different 
temperatures, usias the pcuraawtcrs of modified Vogel*s cquatioa^^ 
as givea ia Table IV* 
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irisotMMter donstaslv «• fttaeUoiia of t4rap«r««iir« 
- ! • « 
Tf t iv (^) 
3t3*0 
933*1 
933a 
343a 
3S3« 3 
309»8 
3T3.9 
-
-
-
*Bj»ia^ 
9«884 
6«783 
e.dis 
6»3T9 
6, ITS 
8«l>3a 
-
-
-
-
T««p(*^K) 
3f3«9 
3rS*0 
383»0 
388*0 
3&3.0 
398*0 
403,0 
40d«0 
4 i8 .0 
4i8«0 
BjjStlO* 
3.3839 
3»38»f 
3*3046 
3 a 8 i 8 
3*0360 
3«0330 
a«988i 
3*9302 
3*886T 
3*8061 
f«^il(^K) 
3f8,9 
3T8*0 
383*0 
388*0 
303*0 
398*0 
403*0 
408.0 
413.0 
418,0 
Bj j jZlO 
0.8366T 
0.81838 
0*80380 
O.OOfdT 
0.49367 
0*48366 
0*47688 
0.46734 
0.46308 
0*48101 
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In ^ • a* • A» (T-C»)"^ « D« (T-T^J^ (14) 
iili«r« A*** D"» C** wid P" 4Nre lii4Sopeiid«iit oonataiiita* fhB viseosiUes 
of the liqitlds/ai«tt9 la ttie prevent case mire oaloulated with tbo 
helfi of ttiei followliis polMullt oqastlons iAppondlx li)t 
1 »ff^t (A) 
^ ' ^ - ^ ^ ^ ^*^^ 
t^lffer^nt vlisoomotors wore usee! for different test llquiaa* 
VltGnaotor I «ras uto^ for tfio oeastaraaient of vlsooslt les of 
organlo liquids (Toluenot Q<-ootane ana {|alaollne), vlsooaeter 11 
for ttio detenelaatlnn of efftax tlno in molten salt nlsetores of 
CoOlg • Un^ I^ and OoClg • sa^^Ol, wtille vlsooiaeter III In tine 
oases of molten islxtaree of iaUl^ • Uu^ i^ Gl imd HiUl, • ilu .^^ Ul* 
isperlwental Krrore. <1) flie vlsooaeters were oallbrated at 
eaeh test teatteratore In order to renove the effects of thernal 
9xpmi»ion of the i^paratusi (11) the vorklns volnmi of the liquid 
was adin«ted at eaeh teaperatare ellolnatlng the need for the 
eerreetlon In the teMperature of f i l l ing and that of run* 
(111) Mo eerreetlon vae required In the oaee of anepeaded level 
•ieeeaeter for the dlffereaae la thernal expaaelon hetveea the 
eallhratlng and the test liquid, (Iv) fhe pressare dlffereaoe 
araltahle to eaaae the flow of liquids was af fee ted bjr the aurfeoe 
- 10 • 
tension ot th« liquid and d«iisitr of the air ooluan in the 
(m»1»arattts« H«aoe» tha visooaity of the liquid night ha aiqidotad 
to rmry throughout the voluae of the liquid in the oi^iillary duo 
to beating effoots and the impropriate Talue of liquid voluse 
night vaxy due to inooniileta drainage from the fiducial bulb* 
iv\ The differeneee hotweon the Me^taniaa oharaotera (the ratio 
of flhearin<r straaa to the rate of shear at a given tenperature 
mtd nrG89ure)» Aii<t the surfnoe tensionn of the oalibrating liquida 
and the teat molten^ salt Mixtures wero aignifieant« (vi) ¥or a 
f!|iven voluae of liquid flot^ing in a visoonotert the folloidtn^ 
escfireasinn waa used to oaloulnte t^o absolute visoonity* 
V| a//at » / j ^4' (C) 
v-(COTr) 8 TT {*t ' ' 
L(oorr) a "IT 11^  ^ Pt/ i hV - ofv/STT ht (u) 
The kino tic energy oorreotion teiEiii« fv/STT i*t was negleoted as 
i t was usually less than i^ of ySt tara for the molten salt 
ai:vtnre (having t ^ 30-90 «in)« Xhe equation (c ) redoes to 
The visooaetar eottstaata« y5*s were detaraiasd at several ten-
paratures by the oalibratioa praeadure dasaribsd above. 
«• sto ** 
Rr.SOUTS Ami DISCUSSION 
A, OEM^tngS Xm VUiCHiriKS OP CAUlBMAriMO LIQUIDS 
The dtensitiea mtk Tisoosities of quinolinQ, n-ootane sad 
toluene are tt»ted In fable V« The llsiitiog speoifio aottgities, 
Q tiftTo l»oeii obtainoa \xy osrtrapolaUog tito plots of density v«rstts 
tonf»®rottiro to 0**!C« Tlie Halting speolflo VOIUMO (V^) of tlio 
liquid at Q\t speoii^lo volono (v) at the expropriate tea^orataroi 
nnd tbo free volune (v^) have t>een oaloalatod froa tiie density 
ooaaureaents using tho Doolittlo'a ojcproaaion •* , 
Th« paraaotara of tha obtanrad and oalonlatad dansitiaa 
and visoositiaa aa a function of tai^ p^ oi^ atara and fluiditiaa 
(raoiprooal of Yiaooaitiaa) aa a fuaetion of fraa •olaa« tiaro 
baan ooapntad by tha laaat aquara aathod and ara liatad in Tabla V* 
The graphiaal raanlta aagr ba rapraaantad by tha fallowing ajcpraa-
•ionat 
d^^^(Toltta«a) • •0.8ST0S x iO**(T) • i»iO0« 
d^^^(Toliiaaa) • •0,84437 » ia**(f) • i.iiOO 
d^jj^(n-oat«a)« -0.7»4i9 x iO'^lT) • 0,d354» 
d^^j(n-a«tana)« <^.8Se84 m tO"'{T) • 0.94T88 
d^^^(Q«l«Ollaa) • -0.«03(»xiO"''(T) • i,330T 
«4 
1 
o 
a 
>• 
t 
^ 
•9 
»« 
« 
s 
• i 
4* e S 
* 
g 
^ 
• 
55 
• 
& 
-s 
H 
• 
1 
& 
e 
to* 
I 
o c« o t * •# a » • # Q i 0 » « « « « f l i o i » 
o « «4 ^ ^ t» ce * > » » » 9 « < « » M » * * 
• « <# S O «» » « 0 # « 4 t t « S « « 
« « • • • « • • • * • * • • • • • 
IS S 8 S S • *• S ! : S 5 e 5 e c ! ' > 5 
'"* i - ^ *o" mn «9t«^ • « » 2 
S f SS »lt o^ SSS tS I I t I • I I • t 
• * • • « • • • « • • • « 
^'m ^ f 9 8» f i 9919 «9«* e««« «f 
• > « i ^ '*mi^ • s * * ' - n ^ ' « « i * l i i ^ » M * 
40 ttl A C9 ( • 01 4^ 
« e| el 9 »» o « 
• * • • . » • • 
^ ^ C9 09 09 C9 t ( 
lo (9 «t Q et t» 4 f * < o e t 4 ^ « i « « » o 
1^ iS iS iS ,s 1^ isi 3 i ^ SI ;; i; i s 3 
• * • • • • • • • • • • • • • • 
o o o o o o o o o o o o o o e o 
§ «- « t * <^® «><» **"# o « i » t t 
c« ^ « <»» oi»> i»<o a t * iA<» 
a o o e i « m c9io e«* i » a »** I 
» - • ^ ^ ^-(ii Mr^ ^ « # ^<# « o 
« i l t e . ^ ^ d L ^ . 1 ^ ^ . A t f k . « K ^ ML. .^ 
m -
s 
f ^ 
O O 
o 
O O O O O O O O O O 
o 
o 
2 1 S^ I I 
© 
t o 
« 
o 
1 -
• © 
$ 
i ^ 
• o 
n a 
• 
o 
iS 
• 
e 
99 
•s 
• 
o 
^ C9 «4 »» 
# «» 1* O 
i S «i « « 
« • • • 
o o o o 
1 S E i s s 
• « • 
o © o 
s 
• 
e 
s § 
• • 
«« «< 
o * - « < « • » » 88 33 $^S t-»» SS B^ <S» ^» S«* I I I <• <9<# « ^ « » 0 • > » » » e t t t 
44 4 4 ^Ji ^^ ^.i 
S5 81 | : | § i 8E Sg 2 ^ . . . . . . ^ . 
* • # • * • « • • • • • « 
^f iP l * • * ! •»«<« • « • • * l * t * 4 « 4 • • 
«^  ? 2 ^ 5 ? ? ' « 5 ? * » « ' ? 5 ? ^ 
iS lo iS iS lit to iS S o o o o 8 S S S 
« * • • • • • • » • • • • • • • 
m • * • « * l * • • * • 4 » < l * « * » * < l ' H i « * * l © 0 
^^^ ^ x * «iatr ^ M f ^•x ' ^M^ 'Oa^ ^m^ ^.^ «w# «Mr '«•«' *m^ *m^ O M * ^ l i ^ 
t*"® a « « ^ ««< »»M njg v ie 
« « » « « « « « « « « # 9 • « 
• • • • * • * • • • » * • • O O O O O O O O O O O O O O 
<>w^ ^ « ^ %.»» ^ M C <<M^ >*•» *»0r 
^m^ ^ ^ j«Wk « i ^ ^ i * i < ^ ^ 
« « •>« »»» n e ««< « » 
^ S S i l ^ » S g ^ S S o t t i i i i i i i i f 
e n l eo e ® «>ID eiD mw 
• • • - ? * j * • ^ •>-? • - ^ 
O O O © O O O © O O O © 
I 
i 
fib • 
S £ 
u 
S f 
. . "^  
« & 
o s@ 
© *» 
t » 
i9 
© © © © © © © © 
91 
C9 
f 
ST 
I 
I 
o 
« 
9 
o 
m 
o 
% 
t 
* 
O 
0. 
4» 
4* 
9> 
I 
e9 
O i^ 
< 
I 
•9 
I 
•9 
• 
e 
r^  
IS 
i 
J 
'^J8 
8 
e 
o^ 
I 
t 
t 
I 
i 
m 
9 
«4 i m 2 
4:1 
I 
e 
9 
•as 
o 
IS 
1^ 5 
8 "* 
<9 
•3 
o 
•? 
s 
C9 « i^ 
€0 
! » 
«4 
8 
3 
"^ % BT I > | « 9 C 9 l t 5 C*»l 
«4 O SB O « 
f t 
I 
'3 
o 
5 * 
i s » IS 
•3 
o 
m 
m 
m 
o 
ee 
r" 
f 
m m 
t S 
• ^ • 
P4 i t 
S & 
• S 
I 
In I 
6« 
2 
1 <? 
i 
? 
o 1 
v« 
'it 
O 
•• 
• 1 
• 
• f 
« i ^ 
? 
e> 
z 
^9 
m 
* 1 
• 
•3 
§ f! m 01 
S 
c 
- 23 -
Coapnttd •ft l iM* of •aergr of ttoUVAtion tm a fuaoUoii of 
t««por«turo for orgaato ItquiilSft 
t{\} 
313 
333 
333 
343 
333 
303 
3T3 
^^ 
Tolttoao 
, Icoal aolo"* 
t«99a 
1.091 
1,006 
3,003 
3,01T 
3,033 
3,081 
n«4>otoii« 
E^  t koal 
3,499 
3,033 
3,900 
3,803 
4,001 
4,137 
4,303 
oolo*** 
^^ 
QttlftOllBO 
' " " " " " • " " • • « , ! 
» lEoal nolo * 
13,970 
11,333 
9,714 
8,593 
7,704 
7,141 
0,003 
« 34 -
og ^ ^^j(Toluene) • 0*40492 (lO^T) - a.SiSaS 
Of ^ ^^^(n-octano) • a«4n«l (10^*) • 0,35334 
o g ^ ^ ^ d i - o o t a o e ) « 0,49038 ( l O ^ t ) - U«T9784 
o g ^ ^^^(quliioliii«)» 0,33494 ( l o V * ) - 1,3327 
Og ** ^ jj^j(Tolueiia) • •a,339T9 ( l /v^) • 3.9238 
og ^ ^^^(n-octoae) • -U,44004 ( l /v^) •3.4305 
og ji ^^(n-ootano) • «0,43i35 ( l /Vj) • 3,4379 
OS, 0 ^^^i>uinoltm)m •a,40866 ( l /Vj) • 3,a714 
0% 0 ^^^iiUinoUm)m -U,3SiKI3 (t /v^) • 3.9377 
l^e donsltlen bore been fouaa to vtary Itneetrly with 
tefflperattire In a l l tfie tliroo oases* a reasonably good agreement 
has tieen found In the obaenred and tito oalonlated denaltlas and 
v i s o o s l t i e s . I t e^pears that ohangos In t^o density ot tbe a e l t 
fsay t>(» dne to the changes in the free volnme of the medlaai as 
has been supported hy an Increase In the free voluute vlth a 
ftlitaltiHieoas decrease In the density vlth an Inorease in teiqiera-
tare. I t i s interesting to note that the tenperature Independent 
Hal t ing speolflo volttme^ ir^ has been found to decrease froai n«-
ootane to qo lno l lne^ , This aay be correlated*^*'* to the T_ 
•alues )f these l iquids . If the spesif io •olwses at the appropriate 
tenperatures are very close to eaoh other then in that oasct a 
decrease in the v^ values froa B<»octaae to quiaoline aay lead to 
an increase In the free •o laae. This in tarn saggssts that aors 
cooling i s required in the ease of quinoline to supercool i t as 
- as • 
eoapare^ to n-ootane and tolueao* This i s wapinorted by a <t«or«Mio 
la th« T^  VAlttss trnn n-oot«i0 to qainoltno, the vi«oo»ity data 
of tfeotio liquids show that the Arrhaiau* viaoosity ralationiMiip 
( i .« .» la*^* laA'• B-^ /^ttT) i s ohoyed fairly wall froa the rooa 
tanperature to a temparatara below the boiling point of these 
liquids* The logarithaio plots of viscosit ies and f la idit ies 
versns the reolprooals of teaperatiire and free volaoe respeotively 
are )^ h tim in Figs* 1 and 2* 
The teiiiperntiire dependonee of viscosity of organic liquids 
was also esrasoined by Foloher (tM2&)t and I'aiaiian and ^iess (i^26) 
in teran of the following expressioai 
Inlm In .\ • a/(r-i'^) (i^ 
t^ o^ro At 1 and 7^  are constants. 
\ sisdlnr equation was also proposed by ivutnann and iiamoa 
(1953) in explaining the viscosity behaviour as a funotiun of 
tei^»erature« fhey have aussuaed that the Arrhdnius energy of 
activation of viscous flow should rather be tes^erature dependent» 
and nay be given as 
S « Ky{a*b/T) (ii> 
where a and b are ooastaats aad n^ steads for the teaperatnre 
ladepeadeat eaergy of aotivatioa for viscous flow. A auaber of 
attenpts have been aade earlier^^»^^, in explaining the aeohanisa 
- 1 6 -
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and tii« t«iq>eratiiro dopead[«iio« of iriaooas flow. But in the <!««•• 
of th« threo oalibratlng liquids ttam data atiow a poraly Arrhaiilus 
batiarlour aa apriarant tron suoh plots (Pig* ! ) • 
fhe preaeat data suggeat tuat tha Arrtianltta vlaooalty 
rolatlon aoouratety dasorDies the toi^eratare dapandanoe of 
•laoofflty of ttieae liquids aall below tbelr liolllag points em 
fthown la ?!§• !• On t!ie ether liand» an Inoreose In fluidity alt£i 
free valaoe i^ig* 3} &&y apporeatly support tlie e^plloatloa of 
free voluiie theory In explaining the tetaperature dependence of 
v iscosi t ies . 
% oofg^arlson of the plots of log 0 versus l / v . (i>^ l^ , 30) 
with those of log'^ versus 1/f (Fl^ .^* IC) suggests a better f i t 
of these dfita Into Arrhenlus equation than those Into Uotohln sicl's 
or noollttles oHpressloa • Xtf therefore» appears that the 
flow 
aeohanlsRi of viscousj^should rather he considered In terns of the 
tanlnar flow of a liquid under I ts otm velghti the order of 
aagnltttde of viscosity belnis deteralned hy the extent of later* 
ffioleoulftr Interaction * . 
X ooiaparlson of the energy of activation of viscosity of 
these liquids Indleates an Increase In !:« froa a-ootaae to 
qulaollne* This suggests that a higher energy harrier In 
qvlaollae as coapared to a-ootaae and toluene mtiy probably be due 
to an Inareaae la the aolecular association In suoh liquids which 
• 28 -
•how m higher oacrgy of aoUvatioii of vlsooffitjr, 
31 
t t hat hoftii pointed out aarl lor^ that tho shape of a 
aoleonle nay also iafluenoe the traneport pheaoaena aa i^pareatly 
supported hy a ooBpartson of aotiTatitm energ&ea of several li^utas* 
This has heea explalaed In the light of Kjrring^s quasi-orystalline 
model for the struoturo of liquids in vAiioh a snail part of the 
lattioe s i te i s unoeoupied* fhe notion of a liquid layer «dLth 
respeet to enother i s assunod to involve ime^s of nolooules to 
vaoant sites* This Is equivalent to passages of the systen over 
a potential energy harrier* 1!fae height of the harrier i s inde-
pendent of tea^erature (i*e» .Irrhenius hehaviour)» but ii! >t 
the typOf 
fihore B* i s a eonstant» R the gas oonstant and B^ i s the 
^tivation energy for visoous flow* It has been pointed out 
earlier^^»^^ that the ilndrade equation, (ln*|^« a* • A*/t^ and the 
modified Vogel's equation (3) , ln*i^ « »• • A" (r-i;»)'"^-y'» (I'-fj)^ 
are equivalent! i f the aotivation energy for visoous flow i s 
taken as tenperatare dependent as given below, 
Ag m Ag^ ( i • a - b / t r ^ (4i 
34 A siailar result was obtained by Rest who regarded A i^  to be 
•1 proportional to v , where v i s the aolar voluae* 
• 29 • 
19 
Cotton and Tumlmll t <>a th« other hand Begl«ot«d tb« 
lttfltt«iio« ot inttrwileonlar toro«t oa transport phanomma, ftk«y 
anatiAad that a liqtildl In tho glaas transition ragion oonsists of 
hard sphfiraii. 'Bia atatiatieal diatrihntion of the fraa volaoa 
ooeaaionally opana op void targa enough for diffusive diaplaoe* 
t»ent»« Proa this theory the Vogel equation (S) {in^ « tt • /Ml-C^ 
18 
wa» derived hy liar low i Laati and .^atheaon on the hnais of the 
astfunptinn that m inorease in the total voluse of a liquid as a 
result of themal expansion i s aotoally due to a ohaoge in the 
free vola«o» 
Fnrthftmoret a ooB!|»ari8on of i\ndrade equation with 
e(]ttation (3) i s considered in whioh the thermal expansion of a 
liquid i s aoooiipaiiied hy an incroase in the frootion of unoooupied 
s i tes as well as by soao expansion of the latt ice • • rhe 
29 
latter emises a decrease in the internoleoular forces t the 
height of the potential harrier nay thus be inferred qualitatively 
froa the interttoleoular force f ield. Zt nay he pointed out that 
the repulsive energy between the ions i s proportional to r**** with 
B-»varying free S to ia* Sinilar figures occur as exponents in 
Tiennard^ l^ones, and Xihara Potentialst when fb • i s the coefficient 
of cubical expansion of the lattiee» and A £^ i s a aeasure of 
the height of the potential energy barrier at tenperature f^t then 
• 30 • 
If I /b* (T-Tj) ]^ (< 1, If the t«ttpcrfttttr« tfoes not inflaaaett 
th« lAtetoii typot the Talue of the ejqptNieat l(er a/3) may vair 
froa 3 to 4» white *^ will be eaeller then the ooeffioieat of 
enMoal expeaetoa of t ^ liQui<l (/2>)« la a eiailar ejq^reeeioo, 
noet used (h inatead of/^* aad the aeltlng point toaperature 
T^  for f^» ^aiag equations(3) and (6)« we get 
l n | « 3 » • A :j(RT)** [ i • l/i»(r-r|) /"^ (7) 
1st T [i • i/a»(T-fj) ] • pj • ( i • i / i ' - fXr-f^) (d) 
®hti© ( t • i/i*Tj) T - t/i*^^^ • r^ • U • l/i*fj^)(i?-Tj^> (9 ) 
i t fol low froa the Tajrlor's eiqianeioni that 
r^ | i • fpHt-f^)] - 4 ; [* • <i • ir'i'> ( ^ ) 
1 • ifi*i')^[ .^..••>] • • . - • I (io) 
JL 
-f. f 1 • (i • i|l*T^)( i M • (i • l j l ' V * < — ^ j - - ( l ij 
while ( i • ip'T)' (^'^ -M < i 
aad (i • ijB'T )^* / | - ^j < i 
- 31 -
Tn tli4i ««rl«s on tlio right liaiia sld« of eqaatioa (la) tHo 
ituadratie and htahttr t«ra» aro inaoeurata ^ a to naglaaUoa 
tntroduoad in e<|,(0). 
Conbinittg eqnationa (7)t (to) «a^ ( i i ) t end neglentiitg 
tema of bigtiar order at wo gat» 
in vhioh 
A« « 2l:;^/is ( i • ip'T^), (13) 
C« , lj8»T^3/(l • Ija^T^), and (14) 
I)" • Ai:^ ip*/nif (15) 
'^ lins the tivo paranotera A*, B", C«, li« and i". la equatioa (12) 
ere interdopondant. HFia four IndapQndent oonatantsy Introdaead 
in eqnationa (5) and (8) , tkre »•# A t;^/H, 1^ » imd P^ ,, their valuea 
depend on the nature of the liquid under investigation* CoHblnlng 
eqnationa (13)» (14) and (l9)t «e gat 
lp» m (c*0»A*)^'^ (16) 
Than it follova froa eqaatioa (14) that 
1/2 
T^ • i/ac« • i/a [(c*)' • 4 (A»c-/o")*^* J (IT) 
The aariea applied la aqttationa(6)(l0)»(ii) and (16) will oonverge 
rapidly in the vioiaity of tavperature T^. Therefore, the relatione 
(7) and (13) are eqaivalent at that teaperatura^^. 
«• 32 ** 
Tli« valas* of seoondAry glass triAsiUoa toaperaturo» T^  of 
toluoae* ii--ootAiie» and qaiaollne havo iHioti oaloulaied witb tha 
hotp of tlio fr«e volttse data liatod in Talila V'« flieao i' valuea 
art» olDtaiiiod t^ oxtre^olating tlio plots of frao volana versus 
toiqioratnro to 0 fC as has been fl»ationed above* fbe graphioal 
results na:^  be sannarlsed as follovst 
T^^ j^ CToluene) • 799,09 (v^) • 90,916 
T^^j(iioloeae) • 719,33 (v^) • 114,51 
T^^^(n«octane)» 551,0 iv^) * 100,19 
T^^j(n-ootana)«» 537,47 (v^) • 99,017 
Tg,^g(i»ttlnollae)ttl435,4 {v^) • 01,445 
Tbo r^  values obtained In title way are la good Qgreeiaent 
^t*j those ooR t^tted by iSartowt ^oab and Matheson /*e ,g , the A' 
valar» of toluene (90,5°lCjl obtained fr<m the free volume versus 
teaperatare plot Is eooparable with that obtained (ia3,i^i£) froa 
the expression*®, la-h • A» • B V(T-l'jj)J^, 
The present data of organic liquids (tolueae, a<«ootaaet 
aad qulaolias) were aaalysed la taras of Aadrade as well as 
Batohlaslcl*s eqaatloas by plettlag the logarlthas of viseoelty 
aad fluidity agsiast the reoiproeals of teaperatare aad free 
voluae respeotively as shown la Figs, 1 and 8, The devlatioas 
obtaiaed la the logarlthas of observad viseosity aad those 
- 33 -
ealottlatod tor tli« two notf^ls luir* been plotud as « fuaotioii of 
t«apor«tur« froa loaot aquaro f i t for tolnoiio« ii<-ootaii«, aad 
futaoline (Fig. 3}« 
k oospariaon of the two expresaiona siiowa ttiat ( i ) tha 
*liidrad«) f i t ia bottor for the vinoosity data of tolaone than that 
of natohm0ki*8» and ( i i ) for the roaaiaing two liquids i t aay be 
etatod that the differenoea in the bhserred and the oaloulated 
valnofi for these two expressions are insigaifioaatljr ^lall and 
therefore both these expressions may be handled without aatoh 
loss of generality* 
The f luidit ies of these organie liquids obtained as a 
function of teoqp»eratare bonro also been (least s^iuare) fitted in 
the polynomial eiqiression* 0 w a * b t " » ' O t * - « » « - ' - - t o 
oontpute the poraaeters given in fable VI, The energies of 
aotivatiott of f luidities hare been ooa|>ttted froa the ^rivatives 
of the type, jT hln0/ ^if^^J* 
Table (VI) iadieates that the three paraaeter equation 
i s a better f i t for the data baring standard deriatlons of 
0»a • i , 4 . The aetiwation eaercias obtained froa the polyaoaial 
f i t were signifieantly different froa those obtained froa ^drade 
or Arrhenius expressiont Henoe the polyaoaial equatitm not only 
prediets the teaperatore • dependeaee of fluidity or risoosity 
but also supports the teaperature dependenee of aotivatioa energy. 
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B, MILTS?! SALT iSf^ KSaS 
Th« d^nsltlds and vlsooitltlad of aolten olxturos of 
anh3r<!r(ntfi CoCl<, audi tetranoi^lHttylMuionitm iodide as fanotiona of 
tenperataro and oofflposiUon are l isted in fable Vila. Viscosity 
aeasareaeats were made in two separate visooneters of iriaooaeter 
constants, (h jj« 3,3 x iO"^ (at 40**C) and (b j^^« 3.3 x iO*** 
(at i!>0,9'*C), respeotively over the tetaperature ran$e# a73-4i8**iC 
and their results ooMpared* 
ToBBieratiire deocndenoe of iris^osity • Trie effoet of temperature 
on tlie viscosity of molten salt aixtures of ^Ct. (^ a Ma, Co and .^i) 
and Bt^ NTK (K a CI* and t*) appttars to be in aooordaaoe vitb tbose 
reported earlier for sinilar systems^* # 
The reoiprooals of visoosities (f luidit ies) hare been found 
to inorease froa ohleride to iodide at eaoh test teaip0ratare 
(Tables Vllb and VTII). The logarithas of f luidit ies plotted 
against iOVT (Fis« 4) whieh beoo«e linear by the introduotioa of 
a third adjustable para«e%er,T^ show a non-linear behstriour 
(Fig. S) as will be disoussed later. These plots sMty be explained 
on the basis of Miller's work • I t i s interesting to note that 
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the vimonu behorlour of suoh ianio l iquids arc sinilftr to tHoso 
^••orlbed oarlier for the eleotrloal conduotoaoe^ In tents of 
th« freo voltine nodol. Almost liaoar plots of to vorsus l/ i ' maty 
oorrespoiiA to stronger Internoleoular bladlnas as has boon saggssted 
oarllar • 
nool l t t te /expressed the irinoosltr data in tarns of the 
-1 f «b*v /ir "l 
earpmiaatlal retatlonishipt 'V] « Aexp |_ o' I J based on the £r99 
volttao model (whQre A, b* and v are temperature independent 
paraaeters). Hid v^ i s obtained Tay extrapolating the v-f data to 
0 ^ , when the process Is not aooorapanied by a phase ohange . i'he 
plots of log v| verstts I/^M are found to be linear (Fig, 6> for 
nolten 9lxtur«»8 of CoGl^  and tetra-o-butylaa«oniua iodide and 
thereby Justifying the applioabillty of !>oolitt ie's expression in 
these i^stoias* 
The slopes of In yT versus v^/v^ ounres give b" values 
reported by Doolitt le at high taa^oratures* while at low tea^»ara-
tures approaohing the nelting points the v i soos i t l e s tended to 
diverge from the ab^ve free voluae equation* It,therefore» appears 
that the exponential fom of the free volume equation way be oorreotf 
but the TDoollttle ooaoept about the oooupied volune v laay not be 
val id over the entire range of teoiperature t espeoially in the 
lav teaqnerature region where the transition from Liquid to the 
sol id state i s expeated to oosnenoe* This may aoeouat for an 
abrupt ohanga or rather introduoing disoontinuities* ftoerefora« 
- ^ 3 -
56 6.0 6.A 
1/y 
6 8 
f 
72 
O 
Fig. 6 Plots of log 0 versus ''^f for molten 
mixtures of C0CI2 and Bu^NI 
t t mtty not appear propar to expaot tha valid!tjr of a glvaa 
aicpraastoii basad on a «odal «^an appliad to proeoaaaa involvlnft 
phasa obangaa aa tHa Intaraiadiata or a traaaitoiy atata aar toe 
axpaotad to ahow a alight daparttora (for a givaa aodal) for tootH 
the atate^v t.e«t ttta llqnid aa well aa the aolid atata alnoe the 
tranaitory state in neither a liciaid nor a solid atate. 
% raore aatisfaotorjr Approach via the Modified ^rhoniaa 
paramoter<? aey therofore he esffiained, 
fhe theories dasorihed earlier* * vcnild not ea^lain the 
visooiss hehenriour in a satisfaotorsr Banner* lUerefore the 
visooaitf data of these molten salt ayatens under investigation 
Umo hoen analysed in teras of different funotional forma based 
on the free voluiie (Cohen and Tttrabnll) model for ionic liqaids* 
Thn fluidity data of laoltea salt nixturea of aahydroaa Gocl» and 
nn.^ n[ have been fitted to aeveral ottpirieal equations by the least 
square amthod on ootaputer IBM ii30« me typioal values of the 
paraaotara of different equations are auaaariaed in fable IX* 
llieao parasietars have been found to be teaperature independent* 
However, they depend on ooapooition* The beat ehoioe of i was 
aada by the beat f i t to equation, 0 •• A r^**'^ e^xpZ"-k^C-f JL7 «>' 
fluidity data by aiaiaiaing tha atandard error between the eJtperi«-
aaatal and the aaloulatad value a (fable IX)* 
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The •ii«rgl«8 of aoUvaUoa far fluidity, &4*» ««r« oo«pat«d 
froa tbe dftrivatlY** of Vtkm two amalyiloal oxprosalont < Appendix 0) 
ovor m fi|)«oified raiig« of toaporaturo (rablo X)« Tito enorgy of 
eotivatiQa for fluidity i s tes^erataro dopoadoat as baa boon fottod 
in the oaaes of sitnilar syoteas* ' • fhe energy of activation 
was also oatotilated froa the eucoessivo pairs of points at an 
average of 5^ intervals frim the Arrhenins plot i,o»» log 0 versos 
i /T, Tha finorgies of aotivatioa« nj*tt thus obtained /"{.J , frosa 
the derivative of a • bt • ot*| H? » from the derivative of 
a»o3Bp^-b*/(l^-«*)J^t ®»<i ^2 f *^*o* **»® slop© of 4rrheKiius plot, 
log 0 vs t/tjl^ were averaged (Table Z} and plotted as fanotions of 
oonmosltion (Fig, 7) and temperature (Fig« 3)* Tbo activation 
onorgy has beea found to inoroase with an inoroase in the C^oHl^ 
(ric|, 7} whieh aay be due to the ooa^lex foraation as evidenced 
by the absorption speetrua of the glassy aaterial and i t s 008q»arisen 
with those of dilute solutions^*^ • This aay in turn inor^^ase the 
potential barrier for the visoous flow* Figure 3 shoim that the 
energy of aativatioa i s linearly depeadeat on tewieratwtre and 
the ohenge in aetivation energy i s <|ttite signifiaaat in the low 
teaperatnre region as oeapared to high* the eerreated aetivation 
enargiest ^^fr «*>** aaloalated using tha sverage values of ^s 
ever a speaified rsaga of teaperature (Table X)* The evaluation 
« ' B««... »(9' he explained in the followlag aaaaer* eorr 
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49 Pro« tlM stokttt-iUastttlii •qtt«tioii» tiie asUratlon nnorgy 
tor t laidlty aar be d«<liiQ«4 «• foll9w«i 
coeffittent 
iflinre n^  i s the <lirfii»io^» r^ t^ the ionio rwUtts andi k| tlie 
Boltsnann eoastantt faldng togarlthn luid ditferentlaUngi we ^ett 
din |( 
- s d{l/T) 
wliloh gives the energy of aotlvatlon for aiffaf)lan« 
Hjj • i30 • UT • - • - - - - • - - - - - ( 3 ) 
Aoeordlag to ingell (based on Cohen and aimlHill*s laodel) » 
dinn a„ ^ -n «.« 
--^ . . ^ . .u/»)i. Hf Txr^iJ* - - - (3) 
Combining eciaatlons (3) and (d>t we get* 
Eg • Rf - (1/2)111 m UM A Cf"'^ f*,J^t and 
o 
The ooa^»fited reenlte of \^^^ for eeveral eoim>osltloae of UoCl» 
•ad Bn.Hl (Tablea XIa«f) were plotted at a fiaaotlon of ^ | ^ | J^, 
Tbeee plots bare been found to paea through the orlgla (Flga.)i-iaK 
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la tlM o«a« of <Iilut« soltttloaa th9 ««TlaUoa ! • not •ttrprislngf 
at aaeuratA Talitss of T^  oaaaot tM aateriainad b^ie to oarly oryatal* 
tlaatiott* • Xt appears from flgaroa 9*13 that ttio rotalta are In 
aoeordanoo wltti the free volune aodel and also aooouat for the 
naoleatlon (as E^ vartee with V) ehieh leada to aa eventual 
eufierooollng to a glaesy state * • I t appears frooi the present 
data that the otirrllinear plots of log 0 versus i / f heooae linear 
hy the introduotlon of a third artjastable paraaeterff^ (Pig* S and 
fahle Xfl) tarhioh i s found to he linearly dependent on ooi^osition 
(^i«. i3) , 
.Estivation energies have also been oaloulated hy differen-
tiating the nodified Arrhenius equation, V^dln^ /^{t/i)J m 
fl0 • /"lt|| /< r-i'^ )® - "^spj m r^, where iij| i s the tenperature* 
dependent slope of the ordinary Arrhonius plot j whioh gives,ii • tlk^ 
e»id ?.^ m RB^al/nolo, the apparent aetivation energy, *::„ c^proaohes 
the true teaperatnre deponent value iS, as r approMhes infinity* 
As the neasureoieat teaperature i^iproaehes f^ , ^^^ inoreases exp<Mien<* 
tially« These aetivation energies (g^ for fluidity) oaloulated 
froii the enpirieal equation put forward hy Fox and eoworkera 
agree with those oaloulated froa the differentiated nodified 
Arrhenius equation • 
In the sodified Arrhenius equation Uie t«m»erature depeadenoe 
oeours only in the expouMtial tera* However, the aoleoular 
theories of liquid transport appear to require aa additional 
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teap«rRtiir« footor* For •xntpttt» tlie CoHan-fUralMatl^  *^  dtriva-
tioiit rolatlng vlaoovity to tha 8olf*dif faslon ooastani i)t suggeatt 
tli«t>7oc T/P an4 noc f^^^ Utatng to -vj^- AI^T*^* »3gZ*^,j^ J^» 
For ffttoh a ralatloaghlp tiia toaperatura dapaadaaoa i s a t i l l govaraed 
pradoninaatlsr by the ejciioaeBtial tara* ttmu a plat of log 0 • • i / f 
la alightty earvad aa ooaparad to the eorreaponding plot of 
log 0 T*'* varaua ^"^"j" whioli ta lioear C*"'ig* 8) at the appropr&ata 
-» *a 
ohotoa of T^  valttos listatf in fat»la XII. ftitta tho moaiflad ^rrboniua o 
agaatton i s used to inoltida a pra*»exponeatial tao^erature tarn, 
4|i*i/a^ tlio paraaetorat B^ and t^ ara oooputad fron ttui f laidii^ 
data* 'Wi« preaanoa of f^'^ in tlia pre*axpoBantial taraa of 
equation 0 m AgT^'^'^xpf'^ "'^"' f"J/ baa a vary vaak off eat on tae 
tae^eratare dapendenaa ia ooapariaon witb the axpoaantial tarat 
i t fiflgr henoaforth h& ignored for the aake of ainqp^lioity* Hofro¥ar» 
the Ug values are iadepeadaat of tai^ Eiaratttre* 
The teaperattare dependence of viaooaity nay not be eon trolled 
over the entire range of teo^eratore by the atraotoral effeata anoh 
aa free volunw (eoneidered above}« ooafigarational entropy eta*, 
bat by the aativatioa eaargy effeate ia the vieeoaa flow proaaea 
A St 
aa reported by Maoedo aad covorkara * * Jioaording to tbea the 
Tiaaoua bahavioar (raagiag ao«iO^ Poiaa) oaald be identified by 
three diatiaat ragiona ( i ) at high teaperaturaa the aatarial 
exhibited aa Arrhenian viaooeity ahiah aaa fallaved by a aarked 
dapartare froa the iaveraa'taaperatttra depeadenooi ( i i ) aa 
• 09 • 
lat«nMdiAt« tcaperattirtt region abovs nrnt-Arrlieiilaiit ( i i i ) tli« 
. M M r . , l . n , . . « th . , 1 . . . t r « i , l t i « t « , . r . t o r . . t , • » 
ohara0t«rls*d I»y « return to Arrhenitts behanrlour uliile Most pri^oM^ 
plieaoMonologioAl eqaattoii^ t» S^O/^c •^-7*^*» ^ * ^^C^f^'^J* 
T * ^ * /©jrpCK/JiT) g(B) dji, lat|it InCc^^) • V^'i • | ( ^ - V ( « ^ 
aaa / " blBi^/ b(T*'*)J^ • 1 • ( AE*)/<tt1») adeqaately aoseribed tba 
behnvimir of tbo natorial m%v l in i tod vitsoosity rangosf tbey a l l 
fa i led fihen a f i t of tbe entire enrve vaa atte«|»ted* Aa exwilna* 
tion of the val id i ty of the baeio assttiqitioas uaderlyiag tbese 
tbeorlea indloatod tbat ^ e tettperattire depeodenoe of irlsooeity 
was not oontrolled by tbe struotaral effectst suob as free Toluaet 
oonfignrational entropy oto*t f^ot by tbe aotination energy efXeoto 
in tbe vlsootts flow prooess as baa been aentloi^d above* 
F i rs t of a l l f tbe aotlvation energy effect was given by 
!^yring regarding tbe aotion of a l iquid layer witb respeet to 
anotber is assowed to lavolve Ju«ps of aoleoales to vaaaat sites^^*'** 
Tbis i s equivalent to passages of the aystea otrnt a potential 
energy barr ier . Aeeordlag to syriagf tbe beigbt of tbe barrier 
i s independent of teaperatnret bat i s iaflaeneed by tbe external 
femes aatiag en tbe l iquid* gyring asad an espressioa of tbe typof 
wliere l\t^ i s tbe aatlvatioa energy for visaeas flow* Sise 
relat ion was saggastad eaplr iaal ly by Arrbenins* But later en 
• 60 • 
Oiilii«uiff •% al* * and Ro«t^ «rpr»M«d tti« Hmp9rmtaf 4«p»mi«Be« 
• f MUvftttoii •aergr w 
to t««t«r ottf C<A«a and Tamlmll* g«r« statteUoal rad&ttrilmtioii 
of fr«« TOlttae and tliar aasuwid tiiat a liquid in tlia glaaa tranti** 
tion ragiott oongiata of liard apHaraa* On tlia liaaia of tlia ol>OYa 
attffiii^>tioii i t Bay 1>« statad that aft inoreaaa ia tha total voiuae 
of a liquid aa a raault of tlianuil aiqiaaaioii ia aotually dua to a 
ehaaga in ^ a frao •oluna* 
Furtheraoret thomal asipaiiaion of a liquid ia aoooapaniad 
t>y aa inoroaaa in ttie fraotioa of ttnoeoupied aitaa aa wall aa %y 
alT 
soflte esrpaatioa of tiia latt iaa • flia latter eauoea a daareaaa 
in tile intariMieoalar foroaa • thnn^ the lieigtit of the potential 
harrier msy be iafln«rioed qualitatiTaly hf the iatemoieoular 
foraea or indireatljr bjr the tee^erature* 
Moat failarea ateaMod froa tbe exiatanea of tlie low tea* 
liarature Arrlieaiaa vieeoeit/ region ia the data near f » heaaaaa 
the eqaatione predieted a anoh faater vieooaity inereaea* In faetf 
a l l the eqaatione propoaed a viaeoaity diireffigenee at or helov f • 
The aeahaaian leading to the departure froa the Arrheaiaa 
heharieur at iataraediate teaperatwea van iareatigated hy the 
ehear ultraaoaie epeatroeaopy^^* fheie reaulte ahowed that the 
- i t -
dl«trt»atloa of »li««r •traetur*! r^laam%imk Umt g ( l a T ) « M 
l*g«>Oa««ti«ii la UMif and tli« MtiYAtioa ottorgioa ii«r« atMiir«d 
• t lilgli t««p«r«titr* «* Arrhtttlns •iMocitjr region* fho iat«r«> 
••diato ttaparatura dapartitra ««• fouad t« lia fuatftraljr dtt* to a 
tiroadoaiag ia tlie diatrilniUoa» niiilo tHo avorago aettvaUoa oaorgyi 
S roaataod ooaatoat and tHo aoat probablo rolaaatioa Uao T roaaiaod 
Arrlioalaa* Thia aaalyaia raaaltad ta tbe aafpristag aoaolaaion that 
tlie laeroasa ia •isooaitgr loadiag to the dopartara troa Arrhoaiaa 
botianrtoar vaa relatod to tho broadaalag In f (E) and g ( l a T ) 
rattier thaa to a alii f t ia tlio average aotivatioa eaerg3r» K* fliere* 
forof the iaoroaeo ia viaoositjr ia not oalF ooapled with higher 
•alnea of aetivation eaergiea hat loaer oaes as well* Siailar 
40 
viaeoeitjr aad altraaonie retalta were reported • 
The aativation eaergiea or their diatrihatioa are related 
with the diatrihatioa of relaxation tinea to few order paranetera 
eoatrolliag the "niero atraetnrea" ia the loeal environneat hjr 
eiciatiag elaaaioal ar i t iaal poiat theeriea aoaordiag to aianriroa* 
aeatal Relaxatioa (SR) nodel^* fhe reaaltiag eqaation waa haaed 
opoB the eoaeept that the ahaige la the aldth of the diatrihatioa 
ia direatty proportioaal to the ohaege ia the diatrihatioa of 
loeal eaviroaneata of the flow noleaalea ia the natertal* 
ThaOf aa flaetaatioaa appeared whieh predaae the regieaa 
of high and low oonoentratioa •iaeoaitiea» aaaeaiatioa ete«t 
aorreapondiag to high «id low aativatioa energiea reaalted. 
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H«««r«r9 M tli« i«^per«ttir« mtm iaor«Mi«A (Tal»l« VZIa) tli« 
flii«ta«ttottt r«Mhtd *MMro«o(^ te •attttai** «rtiil« tiui 1»ro«4l«iiiii(| 
iii«r««f«4 and «a«ar«t«^ nt <»ritiea2 polat. 
Tims i% vM ooaoliidad earlier tliat tHe enviroaaeat eti&oli 
affeete the relaxation or aotivation of a aoieettie auat eUaage 
vitli teaperattire op to a liaited extent t ttnd mrertgm aietaaee r^ 
wae aeeigned to a l ia i t of the relaacation prooeee. fhe relaxation 
ffleoh«ai«M of the floving aoleeales are then only deteraiaedi tqr the 
nature of the enrironaent within the rafliiie r^ (he the range of 
etroetural internetione)* 
noneentration aenendenee of flaiditr 
fhe fluidity data for aahydrone QoOl^  and »a^ HI show that 
the fluidity ia quite eensitive to the eonpoeition flaotuatioae 
ahore the eritieal poiata <««p«) of theee syeteaa* thue the 
fluidity at a giTen tenperature haa heen found to iaereaee aith 
aoeeeasiTe deareaeea ia eoaeeatration from 3i«8 to ia»a aole i of 
CoOlji ia Ba^ ifl aad aheaa an ahaoraal deereaae froa 7»i to 4*6 aole 
of CeCt, (rig, i4}« 
fh% eoapeeitiea depeadeaee of Tieaeaity froa iS«8 to 
9i*8 aole % ef OeOl^  ia Bv^ NI aoltea aijrtarea any he aaplaiaed 
ia terae ef relatite vtaeeaily ( v^) or flaidity ahieh ia a 
aeaeare ef varioas iateraatieae. Theee iateraatieae are aet 
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«Mtr dcpondiag upon th« ^po of io«» tm& ttm aolvwatt iit«(l Wt 
«! • • npOA tlui e«Be«Btr«ttim of tiM ioale tpvelAt pr«mn% in %hm 
vfmtmm iiiid«r o«aeia«ratioii« 
flM TlMOtltr li«v« bMtt foaad to iaoroMo v&tii an inoroMio 
in the «olo fraotioa of QoCI^  in aooorflaaoo witli oarlior ronal t *^ . 
This aoQr bo d«« to tho fomation of aoaplex ions and tlio aaaoeiatod 
•peoioa wliloh erontaally tfoareaao tho flaiaitjr vitli an ineroaaa 
in Z"coClj^« the prooeta of oon^lex foniation oontiaitea until 
almost al l the solrant aaioaa get tied up to the aa^eA aetal ion 
( 33 aole "S) and tho arixtttre eaperoools to a glaaay atatOf 
On tho haaie of the oonrentioaal tranaport theory i t is 
suftgesteA that the paramo ter ^^ i« the eon trolling variahle in the 
ooaposition dependenoe of tranaport at low t«q»eratarea. V^ ia 
Aefiaed as a eoaataat of aaterialf a thenKHlyaaMie refereaoe point 
at lAieh the ideal metaatahle amorphous solid eoamenoed to eacohange 
•ihrational for the eoafigarational degreea of freedom* me 
heharioar of ¥^ msgr he determined from the temperature depeadenee 
of the traaspert properties hy virtae of the temperatare dependeaee 
of Arrhenius ooeffieieat B^ » ^j^^ eta*t mast resalt ahea 7^ > O^ K* 
fhusi the plot of aativatioa energy Tarsas temperatare has a 
eharaateriatie shape (Fig* 8)* As the valae of T^ refleata the 
oohesive forees ia the liqaid ahieh miqr lead to aegativa departare 
froM iidtfitiTtty in i t s ooiqioBiUoa d«p«adwM«t auoli d«p«rtur«0 
•f %h9 liqald froa «ddiUvlt]r Mgr prodtt«« eorr«spoadlag but 
liiT«rs« eliaag«« ia tli« i>li9«rrttd i»otli«rMil oo«|»o«ition d«9oiid«iio« 
Sft 
of transiiert pr0p«rt la i* 1hor«for«, this |»iirfiii«t«r i s llnearljr 
r«l«t«d to ooapositioii oad i t la OOBO dogroe tiolow tHo aotual 
gltmn tr«iioitioii to«i>«rataro« T • flmo tbo rolationaliip botmoa 
the f^  aad tho oatloaio otroagtli of coOl^ (Pig* t3) atiowa ttiat 
tlio f^  Talaoo (folilo XIIX) dooronoo liaoarljr with «B taeroase ia 
tlie oatioaio potoatlal (i««» X^i^i/i'f wiiore n^ i s ttio aolo 
^ 43 
fmotion of ith ions» %^ m ioaio obargot aad r^ • ioaio radii) 
aad supports ttio eoaeopt of the frso volano aodol for ioaio 
3d 
liquids* Fartiiemoro, i t i s auggested that tho ooaplex foriBa-
tion with tho saooossiYs additions of CoGl^  ('^ ^ 33 isolo ;»} ma^ 
lowsr the T^  •alaes (iadieating tde absenoe of free Tolaae helow 
that teaperatore) shioh leads to an erentnal sapereooting to 
glassy states* Vhoreforet i t nay be generalised that in the 
absenoe of orfstaltisaticmt addition of aa exoess aaoitnt of a 
solute to any ionio solution results in glass foraatioa* This 
view ie supported by a high walue of viseosity* I t aust be aoted 
that solutions of aest ttai««nivaleat salts oould not be obtaiasd 
as glassy aaterial by addiag solute to the aoltea ioaio liquid 
the 
sad thea oooliag i t to/reoa teaperature as the glsss transition 
teaperatare for pure aetastable liquid sa l t i t s s l f i s below rooa 
teaperaturot e*g*t for pare Km^^ f^ ^ aSO^ K? Bat ia the easss 
• fa -
TA1II.B • n i l 
ftfttntion i>«t«««ii f^ md ««t£<iiiiii «tr«Bftti &t sal ion vtvliirftt 
of C<i0t2 «Rd Btt.lfl* 
oftlotilat«<l frott 
Mdlo 4 Cfttlonlo strongtli t^ vaXuoa 
V from visoostty ooaiiaetaiieo 
«*««• ^ o , ^ ****** *0,A. 
A«6 
30«3 
9t«9 
0 ,33t l 
0,3993 
0»d006 
0«73S4 
0«85i8 
i»03T0 
333«7 
319*7 
3i4«9 
3iHI«3 
394«3 
30i .8 
330*1 
313*8 
313*1 
39d«t 
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of aoltliraloitt oatlons, thers thottld be a sp«oltle oonoan trail on 
for « ftivaa t«^E»«rtttur« at irtileh solution would lose i t s liquid 
obaraotor wid fonts a glass. This coaosntratloii i s represoatsd 
hy \» 1%ia ^^ i« analogous to T ,^ and i t Helps in tho intsr-
l»rotatioa of isottiorsial oonpoaition dspeadsnoo of transport 
proporties. A gsnoral fora ubioli dasoribes tbe isotbamal 
ofM^position dopandeaos of Tiwtositsr in tbese solutions as i t 
varlos over fav orders of nsgaituda betvaan dilute and oonoentrated 
solutions i s 'vT* m Ai exp/*-*:i/(l>t •• H)jr» irtiero H i s the solution 
ooiaposition or nolo % of tbo solute and H^t k* and A are oonstwits. 
In the viscous region* the assuaiption tbat in eleotrolytid solution, 
?^ of equation, 0 • A> T"'*'^ exp/"-4[:j/("f - 1^ )^«7 *» liooarly 
related to the equivalent oonoentration H (Pig* la) wbilo tbe 
paraaeters, AJ and k^  are oonposition indapeadant, leads to ^ e 
following expression, 
'(N) - " V ' ^ r j ^ ' r ^ (a> 
wbera k* stands for the proportionality constant betwean f^  and 
ff while H^ ia the hjrpothetiaal eonoantratioa at which the systen 
should bsaoaa a glass at Ihia taaperature* Fluidity data have 
baaa Malysed ia taras af the expression, 0 "^i^* •>pZl7nn^)-7* 
A laaat square pragrsHie haa baaa used in order to obtain the H^ 
valaas (Table XIV ) that liaeariaea the log 0, , fuaetion against 
(N) ^ 
t/in^ - M)(Table Vf), 
• T4 -
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Tb« N^ bat B««ii ll«fiii«<l am the otmoeatrfttioa iriiere the 
iMoroaeopie oonftgaraUoiial «iitroiiy of tli» liquid beocHMs s«ro 
to that ttB4or an applied foree ttte sysiea aboutd reqaire a very 
higli energy to flow* ."ilaoe botb oonduotanoe and viscosity 
proeotaee inply naaa transfer» the H values obtained hy the 
independent eoi^iiitatione of oomiuotanee and vieoosity data 
tatB alflHiet identioal (Table KIV), 
The • • • dependence of log 0 on i / (H^<^Kf^le Wt) 
|tt«itifie» thi> u«« of the e»pre8tioa« 0«Ai f^'^'^exp/'-Bl/t^iii^-S)^ 
in esKplalnlng the vtsooeity behaviour of suoh l iquids. I t i s 
notabti^ that the slope* l)V' of the f luidi ty plot i» nearly equal 
39 
to thnt of the oonduotaaioe data • 'ur resu l t s are oonplotely 
30 
different froa those of Angel • Ihey reported that the elopet 
n%/(> of ^ e f luidi ty plot i s greater than that for the ocm^otanoe 
data due to the differeiMe in the value B (aooording to :.ioynihan^ 
ft I m Uif^x > *»d Bl m ut3»j^ ) • However« in the present 
eassf the observed nature of the ^^ values (fable %X^) i a s t i o 
flee the val id i ty of the equation, 0i^^ • A% exp/^-kVCM^-^)^ 
for these vol tea sa l t syetens* I t i s also found that H^ values 
for our systsM shew no regular order with inereasing tei^perature* 
The oea<Nmtratioa effeets aiiy be understood in teras of inereasing 
ree t r ie t ioas on orieatational freedon (i,e« an additional freedon 
of eonfigurational entropy loss)* This i s being the eassi the 
- TT -
•nallttr valu* of Q (in a»gT99 •quiv*^ l i t r t )* indloaUtf br toa««-
«liAt grtt«t«r n\op9 of tiio plot i s to bo oxpeotod* Tlio alopo of 
tho plot It Mtnally Bj/qg Imt for aMilteii salt •yotoM with 
uniVAlont anions o> sssna to l>e alaost ttAiTariwtt*^ (in oontrast 
to our obsenrations). In the visooas r«gion» tho ezprossioh of 
tho typOf IT « p • qM • rN^ (i4ioro p» q and r are oonstants 
depending upon the teaperataro and i1 be the aole fraotion of 
QoGl. in the fldlxtare) has been nsed to desoribo the eomposition 
dependence of visoosities* The eonpnted ooefficienta at several 
typioat temperatures are listed in Table XVI, 
31 
Cofflpariaon of yaraneters obtained fro» eondaotanoe and 
flnidity aeasnresients* 
The least square fitted representations of viscosity and 
oonduotaaee as a fanetion of ooo^osition for molten wisetures of 
CoCl^  * nnjn are shown in Pig. 14. The parameters l isted in 
Tablesp^I «re obtained by the best f i t of the data to the 
expressionsy 'V|« p • qM • rM* and A* ^"^'^expjCAij^ »N)>/> 
respeatively* In this way two sets of paraaeters obtained by 
the fluidity and ocMtdnetaBos aeasaroattats are used in order to 
know the relationship assigned to then by the Kit iHodel* iiinoe 
the two proeesses are different and involve different relajcing 
spsoiesi i t Bay be assnaed that their ranges of stmotural 
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iat«rM>tlon«» r^ are also diffarant. But Moording to •arlior" ' 
Iwrostigatloiisy tlie ratio of oondaotlirlty and irisooaity ranges of 
tataraotions r^ lie a ooastanty X t &•••• 
'«.k - 'o,^/t 
or 
'^ ifflilarljTf the eaergy Hal t s of the two prooesses are also 
related to eaab other vhllo they are direotljr proportional to the 
iroliitte oharaotertstio of their ranges of struotural iateraotlons. 
These shoQld therefore he related to each other in the following 
37 afinaer t 
\ • e^ / Y® 
the above statement suggests that the oeoiirreooe of a 
•aiorostruotfire* iirtitt volune) i s inOependent of the method of 
aeasureaea^^ and thus the transition tessera tare f^  aast he 
independent of the nethod eaployed in the study of any transport 
property* therefore § ''e A. * ^o rf 
A eoaiparisott of the T^  valaes obtained independently froa the 
eendnetaaee and the viseesity aeasureaeats (fable XVII) 
Jnstifies ths above expeeted relationship reasonably well* 
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Siollarljr, m odapftrisoit of tli« aotlv«Uon caergits 
(T«t>l« Will) tlioira tliftt th9 *Ti«ootta proo«««* i s ••nsitlv* to « 
•oltiBio of struottiral intoraoUoiit i^ioli i s l«rg«r than tho 
ooadnotABOo • Tlio flseoiis aotliratioii onorgy i» S^KI->69^  larger 
titan thoao of Zj^ in diluto solutions as apparent fron Tablo 
X\riII for 4*6 sola % solution* fhe ratio» H^ /£L i^iproaolies 
^uMor me may take this ratio, ii^ /EJ^ ^ i ) as tUo {^Oo^y'^J 
i s iaoreasod* The applioation of the above conditions shows that 
our results are oonsiutent vlth the physioal interpretations of 
the paraaeters in the 'M ^ odel* 
The sianltaneoas f i t s of viscosity and oonduotenoe data 
of fsotten sa l t mixtures (to the expressions hased on the free 
voluae model) are similar to an analysis given by Angell^ using 
the Pnloher equation f^n^' InA • B/(f«T^)J with the same f^ , 
and different aotivation energy oonstaat u* At high temperatures 
both the >?f{«Model and Angell*s analysis yield the same behaviour 
for the eoastant ratio of the aotivation energies (E^ / ^ ^ 
eoastaat. Table X7IIX), Bovsver, the ratio of E^ and E^ does 
not remain oonstaat at low temperatures due to the differenoe 
betmsea r« and r^ ^ • The ohanga in the value of r or in the 
ratio of the aotivation energies may be esplmiasd on the basis of 
Eavlroameatal Relaxation llodel, while Aagell*s analysis predicts 
. , « . . * « . r .Uo e^ / E ; • - • . " . 0.r , . . . 1 * . ( m u . w n i ) 
are in aoeordanoe with the Aagelt*s analysis. This would, 
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tli«r«for«, aagK««t an «ssoelat«d oharaotftr ia tlieaa itelts ' , 
(^A4W*)2 ^Xj_7-^*"*^ J ^ tili«r« x la axpootod to vary with 
tha raaga of iBtaraetioatf r. 
The waldeo*8 proAiota tor tHo aolton laixturea of CoUi^  
a 
and Bit^ Vt ara oaloolatad (Table XXX) and plotted aa a Itenotlon 
of note fraotlon of CoCl^  (Fig* ISK Itieae plota stiow that the 
prodaets paaa throagb ainiaa and oiaxiiaa in going from 0,046 to 
0*313 Heolo fraotioa of CoCl^ * fhe nlnltoaa Avi product oooura 
at nearly 0,1 mole fraotion of CoCl^  and a aaxlmim in the product 
oooura at about 0»3 • 0,33 mole fraatlon of the aalt in going 
froa dilute to oonoentrated region. The nature of the eunre In 
this oaae ia in aoeordanea with thoae reported earlier ' ^ ^ ^ , 
The exaaination of the Xy, praduata in going fron 0«a4d to 0«3i5 
•Ola fraotioa ahowa that the ion fraotitm deareaaesrapidly between 
0,04<l and 0,t iiele fraotioa until the aiaiauaA>i produot i s 
reached ( i . e . iaa fraction at the aiaiaua ia about O.i). The 
ion fraotion Increaaea betvaea 0«i to 0,8 aale fraction. After 
O.asaole fraatioa again A'M daareaaaa aa aoaceatration increaaea. 
Tarioua aaahaaiaaa far the aquilibriua betaken the ion 
paira may be csaatnad ia order to explain the obaenred product. 
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Fig. 16 Walden-products as a funct ion of 
composit ion at several temperatures for molten 
mixtures of CoCl2*Bu^NI 
^ 
n 
i£t^ 
- 90 • 
Tli« ruptA dtereatt of th« proAiet in the region 0,046 to O.i 
•ole freetimi of aoGl„ i t i^iproxiaatoljr a linear fuaotion of 
oonoentration ae stiotm in Fig, i5* Am %h» oonoeatratioa 
iaoreaeet* the nnaber of free ione inoreasee» the eleetrostatio 
foree which holds an ion pair together i e redaoed <hie to the 
prAsenoe of a neighhtmring free ion, fbns the ion pair in the 
• io ini ly of a free ion (»etal ion) «ay he noro easily diaaooiated 
into ions upon a ootlision hy a solvent moleoule* The ooourrenoe 
of dissociation hy such collisions depends on the nitifiher of ion 
pairs separating the tvOf and the themal energy of solventi i,e*» 
9n sin 
the teapsratore * • Thoreforot dissociation increases with 
increasing oonoentration at constant toB^erature as explained in 
the following naaner, 
irhen the dissoaiation of solvent foolecales increases, 
the solvent anions foroed in this way are aoousulated aroand a 
•etal ion or eatioa to fom ooa|>lex ions, 7httS| the nuaher of 
free solvent aaioas are lowered due to the complejc foraation, 
wiiiah get aaseeiated with an increase in iTcoxJ* JtC^J* J^ o 
oaaplex fanuitioa eventually results in a decrease in conductance 
aad aa iaorease in viscosity, 
fhis •••haaiaa i s siailar to those proposed hy Ke-Masts^etai., 
*• a^plalB the risiag partioa ef the A'v^ p^roduct with increasing 
••Msatratioa, I t kaa heea reported^ that the alnimiB product 
<» 91 «• 
d«p«nA» on tlio dleleetrio ooastant of tlio oiodiiui* Tliartforoi 
If tho «olT«nt Ifl elmitged for tli« nmam aotal halloo (••&• Bu^ NCl 
Instoad of Bu.ifl) the niiiinn» i« slatf tod* 
In tho rogioas fro« 0«i • 0,35 and a«25 <• 0«3i nolo 
fraotionft» thoro i s a dynaalo equllibrlaa botvoon ttio froe ions 
and tho aaaoolated ion paira» tihero aasoolatlon i s diao to oouioabio 
iatoraotioiif wsd ionic oollision i s duo to ooll is ioa botweon 
eaergetio solTeat aoleonlos and the associated ion pairs* 
fhe tiininan Av) productt at 0«l mole fraction corresponds 
to a point vhoro the dissociation beooa»s relatively aore doainat* 
ing with increasing oonoeatratioa* At the siiniatm Av> productt 
sMh solute moteonle i s surrounded by a given nualber of solvent 
aoleeules* The concentration at which isiniiatttt Jtv) produot oocursy 
depends on the solvent and teaq^eratnre etc* 'fhe ion fraction in 
the region 0*a5 • 0*31 aole fraction therefore increases trith 
inereasiag eeneentration due to thernat co l l i si on between the 
ion pairs and the solvent moleeules* As the solution approaches 
the stltraooaeentrated region (e*g*« 0,39 or higher sole fraction) 
each saints aeleenle i s now surrounded by less thrni one solvent 
«elea«le« and selutioa begins to assuae the quasilattice structure 
ef Hie aattea salt wbieh i s assaaed here to be aore associated 
<(t«^lf^)2 Z^Oal^^ Ly i s a tetrabedral aolecule* fhe overall 
bekflfiaar i s statlar ta thasa reported earlier^* 
• »a -
tlifli •ff«et of t«iip«ratar« on tho waldon't prodootiAvi 
for tHo largo eation (Tablo iciJC4)i9 otaoim in Fig, 10. I t has 
boon explained by a eolleetioa of tbe of foots of struetaro 
brealcing ma atrttotnro nelcing through Fig. i i . 
fhe teiiporatttre dopoadoaeo of visoosity ooeffiotoat» By> 
indioates that i t i s to ho a *slight struoturo aakorS while 
this srsten indioates a slight 'stmoture breaking tendency*. 
These oonfliotiag results indicate that the Qu^H* ion i s a ease 
of eaceellcoit struo^re mdkier • As the tei^ierature iaereases 
there i s less ntruoture anrailahle *for oaicing* and the Bu.N^ 
ion i s less effeotive in inoreasing the fluidity Cor decrease 
in viseosity)* i t gives 'fastornaioviag entity* (as our observa-
tions show an inorease in fluidity witli an iiKJrease in teoperaitore)* 
In other words» the «axiaa obtained nay only indicate that 
the Mobility of the ion i s onhaaoed to such an extent by the 
rapid drop in visoosity that these result in equivalent oonduo« 
tsneo iaereases whi^ ooi^iletely predoaiaates in the A'v? produot* 
After having axaaiaed the densitiest viscosit ies (or 
f luidlt ies)t the tests of several expressions through their 
eoapvted paraaeters and the aorrespondiag plots of aolten 
•ixtores of CoCl^  • Ba^ N'^ I'* as faaetioas of ooapositioa and 
teaperatiiret the aeohaaisa of viscous flow in teras of potential 
barriar (or cohesive foraaa)» aolecular assoeiatioa ia teras of 
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Fig. l5 Waldens product as a function 
of temperoture for moLten mixtures 
of C0CI2 and Bui^ NI 
• ^ • ^ ^ i M i 
My, /C^ • H^  and tli« T^  values obtained bjr the ladependeat 
•ethods of eoadttotanoe and the vlsooslty Moasarenentei and 
finallsr the Waldea*8 proitoet at seireral ooaqpositlona and 
ta^perataresy It appeara reasonahle to generalisa auoh heharloara 
Iqr taking (my traasltion «atal loa aad organic hallda witti 
larga /Ttt^XXtrnJ/{^tm.t&nj% This has indeed been fooad in the 
oases of iMtten nixtares of MaCl. • B«^ifCl| OoCl. •*• Ba l^l01» and 
iftClj ^ Utt^ WCI aa ovideoeed hjr the plots of flaidity irersua 
taaparatiira (l^ig* IT), logarltha of fluidity versus iO /^T 
(ri«« !«)# logarlth« of 0T^* vorsus l/(T-r^)(Fig. i » ) , logaritha 
of fluidity •arstts th^ (Pig* 30), aotivation onargy versus 
toaperature (Pig. 2i)t %^^^ versus /"^/(T-T^,)^^ (Pig. 22}, 
tost of results for sensitivity to T^  of E^^ ^^  versus / ~ T / ( T - T )J^ 
(Pig* 33)t md the eonputed paraaeters l is ted in TablesXX, 
/noaasities, free voluae and visoosities as a function of 
taaperature^t XXI ^fcoaputer fitted least square representation 
for fluid! tir as a funotion of tenperature^t XXII C^QArt '^ * 
function of teaperature^l XXIII /"Conputed results of B ^ , ^^ oorr 
as futtotions of T aad irT/(T«T^)J^ XXIV ^Tlogaritha of 0^^^ 
as a fuaetion of l/(T-T^)Ji^| XVII /"coaparison of T^  valuea 
oalottlated froa the viaoosity and oonduotanoe data^t ^*^^ XViii 
£'%^ /t.j^ for Roltea salt systeas (MC1« '*' Bu^ NXi where H « Mui 
0O| ?ti and X • 01 and tjt ut several teaperatures* 
I 
-<\^^ 
(ft 
o 
a. 
Temp°C 
Fig. 17 Fluidity as a function of tempcratura for molten 
salt systems: Bu^NCl + MCl2( M=Mn*2,Co*2 + Ni+2) 
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f t Mart tli«r«for«» tie ooneladed thAt the tranaiUoa 
iietAl haliaes « l l l go into volution in «olt«n organio lialidoa 
with torgo £'9tkiltmJ/£'on.timJ as a raiiult of oosploac foraation 
provided that the tetrAhodral or elightly distorted tttrahedral 
straeture i s eaergotioally possihlo (otherwise the setal halide 
ul l t reiiain insoinhle as i s the ease vith OrCl^  shieh presttaably 
oaljr foms ootahedral or slightly distorted oetahedral oonfi-
giiratlons)* Thus the el^etrioal oondiiotaaoes will he expeoted 
to deorease with an inersase in the netal halide eonoentration» 
/*MClj^ as the tree Tolnne deoreases* fbe visoosityi on the 
other hand» ^11 inorease as a rewilt of inorease in the potential 
harrier or the oohesiTe forses hetweon ths unit entit ies of the 
type ir^5t5y (^n«4M*)g(S/H / e ^ ^ t will support tiie presenoe of 
assooiated speoies) and the otMqiaot psolEing with increase in 
/ l i t - / * The H^  and f^  Talues ohtained fro» the independent 
seasureaeats of the eleotrieal oondtiotaaoes and • isoos i t ies of 
the not ten salts aiartnres on one handy and the behaviour of Avi 
as fuaetioas of eoaposition and tes|ieratttre on the otheri show 
a reseirihlsaoe with those of the ioaie liquids. At the saas tiae 
the lowering of f^  with Z * ^ ^ » ^« sbseaee of orystallisation» 
dearease ia the eoafigaratienal entropy, pressnoe of eoapsot 
assseiated spsoies (B ,^ l^j^/^ t)t auoleatioa ( £ ^ or K^ being 
fmetioB of teaperaturs) and ths large /"oation^/jfanlonj^ aay 
lead ta sapsroooling of the aetal halide-rioh aixtures of these 
- 110 • 
«ott«ii oriWiio l ia l td** to glassy statts* The atiuotura of tlioao 
aoperoooloA liquKIa aay ha oonoiAoroA siMilar to ibooo of hifttily 
•iaeotia and tow eoii<litettiig lonto aolto (aa tho optioal apootra 
of tho oltaorliiiit apaelea raaaia anohnasod ia tHo two at^too 
1,0*t ^n tho aoltou and tho aaporooolod atatea i n tho oaaoa of 
glaas-fonslng aolta oador diaeuaaioa)* 
f^otieal opootra • I n tho eaaea of n i o k o K l I ) ohlorldo-rioh 
niwtiiroa of totra-n-Hotylattttonlttn haltdo (ohloride* broiaide and 
todido)t the ahaorhing apeelea horo hoon idontif iod aa totra* 
hodral totrahotoniokolatedl) iona hosed on tho host f i t of the 
oxfiertMental hand onorgtoa to those ohtained hjr solving the 
tfiohT'HSallhaasea secular etjuotioas using a four ( l igand-f ie ld) 
paranotor nodel* The four ligaad«>field parnaetera ere the 
!iaoah*a eleotroa<>eteotron repulaiooi B and T « C/B, ligand* 
f i e ld otrengthy Dq and the spin orbit ooupling* > • The f ive 
f4ehr«^allhaasen «atrioea are lahelled aa T.^» # • • t |L« The 
9 8 
ooaputed eleotronio energy levela and the d ^-*> d tranaitiona 
i a NiX^ i a «olten organio halidoa are given i n Tahlo XX}f* 
Sia i l a r l f f the tetrahedral stnietores for CoiC^  ions hare also 
hoon ideat i f ied in tho l igh t of the energy«>level diagraaa oona* 
tmoted ear l ier '^ . 
. i i oa -
TABUK - XXV 
CalonliitArt P.l90t,roale F.norgy U^relu of f«tralialoniolcelate (II) ianR 
' " i^e»lUir (cflt**) ' • 
Pn m 354 
5^1GlJl MlBrJi N1IJ» 
( }^m - 3 7 5 , ( A« -3T5, ( A - -2T5» 
Pq « 358 l)q m 333 iiq • 331 
n 9 734, <; ^^  « ^^Of ^^  • ®®0f fi i^  • 33^ c 
f Y»S/B • a.Q©)'* r«iCJ/.1 « 3,.J7)» Y«C/B « 3 . 8 3 r r •U/iJi«5,51)° 
5r^(r) 
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fl|753 
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7454 
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11899 
141S3 
14331 
14531 
14733 
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1S430 
19598 
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40339 
CI 
337 
t i l l 
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3748 
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4130 
7527** 
11342 
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143«9»« 
14338 
14549 
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17198 
13618 
18781 
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40632 
0 
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1103 
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17084 
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18841 
37030 
0 
320 
870 
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3929 
3777 
3919 
7056 
9878 
99^0 
11343 
11843 
11473 
11081 
14881 
16027 
18181 
17783 
36194 
• • l^r«81ot«8 • • • rg la t aatohtd oloa«ly with those obMiT«d. 
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I t mar he eoiioladl«(t that tli« Tltoosltlas and 9l«etrlo«l 
doii4oot«ne«8 aagr ti« oxplaiavd in t«ras ot noa^Arrheniati azpros* 
Bi**nm of thB t3rpe» 
jr « a • Ikt • a t * , • • • • • - ( ! ) 
y « ||i0***/(t-c«) , , , ^ . (3) J (Coapoaltioa 
iodapondoiit) y • A t- l /3e-*A'r- \ ) , (3) 
(ta^perature 
andt y « p • QH • rH , - • • - - - . ( 5 ) ) indopendant) 
reapaativaly in iihieti the »:q 4 i s baaad on tbe dependenoa of i' 
on oonposltion* flio tvo paronetars f^ and H^  appear to bo 
tmrarlant and do not aacn to depend on the aettiod of neasiireaent 
ae iqiparent froa the vlaooaitiea and the ooaduotaaoea ivhloh yield 
alnost the a«M reaulta for thea. fhie i s «hat one would ejgpeot 
for the teaperature and ooapoaition at which the aohility would 
tend to aero, and the ayatea would auperoool to glaaay aateriala* 
Although the iriaooeitiaa and aoadaataoeaa f i t r^ry wall 
in the ahoire expresaioaa aa apparent froa the tahlea and plota 
in support of the free woluae aodel aa applied to these proaessest 
hut i t saeas appropriate to point out at this ^tagat that the 
aodal lacks aaaningfnl interpretation when applied to Tiaeoaitias. 
I t therefore* appears plauaihle that the potaatial energy harrier 
or the aativation energy aodel as funotions of taai^erature and 
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eottpotltioii ba««d on th« iiit«r»ol«<ittl«r foreps ot tli« aolMular 
•peeiat or «nUti«t mvy be i«ic«n at m ptirtioally aooeptabl* «9d«l 
for •xplatning th« aaehoiiiss of iriaeous flow* Aa far as tho 
•narg]^ of aotivation or tho potoatlal enorgy liarriar i« ooaoarnoA 
i t aay hn interprated aa a fttnotioa of taiqioratura and i t nildly 
daponds on oonoontration as the eqaivalont oonoontratlon (aa the 
sphere or t!ie range of tnteraotlonsy r i s deoreasad} H approaohas 
^ at will oh the paoldng of the noteouies i s <|uite ooa^aot irhiob 
redttoes the ooafignratiotial entropy of the aystwa under oonai-
deration. Iliese oonsiderations thus reinforce the assuiaption 
that the aetal halide«4rioh sdxtares of the isolten orfanio halides 
of large /"catloaJT^Z/^anlonJ^ result in a highly viaoous liquid 
oontaining the flowing enUties of the typet U\»*)aZ*^\^^**"V3p 
where x depends upon the polynerie tendenoies or the extent of 
noteaular association in the neighbourhood of T^  and n of the 
systen in question. At this pointy the system supercools to a 
glassy material. 
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'Fho transport properties ot molten aalt systeas bore 
most fre(ittentlf tieon laterpretod la terns of the rate prooesa 
theory* me tee^eratare ooefflolent of treatport prooesses are 
obtained in the fone of aotlvatlon energlesi howerer* the rate 
^rooese theory has not been able to give any oloar eoooont of the 
varlatlmi of aotlvatloa eneri^ with tea^eratiire as has been 
observed partlealarly la the eases of lov neltlng salts und 
their nlxtures. 
fho weehanlsfi of irlsoous flow has been exanlned In the 
l ight of rate prooess ^ , and the *free-^olune' theories* • 
The latter theory has been widely eaployed la explaining the 
transport behaviour of sol ten salt systMui. in partlonlar 
Batehla s U (1913) and Haoleed (1939) peatnlated a linear 
relation between vlseoslty and free welnway thls» however, 
applies only to a restrleted tenperatare range. 
While la^ • A • b»v^/v^ o^  A • B'/v-^^ • • - - - - i 
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i^wm • end f^ art th« apselflo Tolnmaa at my to^ptratar* T 
mnA O^ Kf r«»iio«tlv«l]r« la this approxlaatlon tlia ooofflolant 
af «iQ>att«loii(l« takan aa taaparatara Indapaadaat (B«»*/'^ )• 
BO 
A aaaoad a|»proaeti la due to Adaa and aiM»a • fbajr 
firoposad tliat la ordar to liava vlaooaa flow* a flow anlt liad 
to ovaroom a potoatlal barrlar* In addltlon» dapendlng 1900 
ttia oonflgoratlonal eatn^3r» nora then ona flow anlt algut 
liava to parfom tba 'Jui^* at a tlaa* flila lad to an aquation 
of the forai» 
In wtilofi (S«Sg> la the oonflgtiratloa%ntro|»y» S^ « Thla aquation 
la eqalTalant to ttia Falahar aquation If ona aaaiuHid tliat 
wiiara A C i9 tho ralaxatlon part of tha apaalfla beat and 
B«B*/ A C • Wlian OlbiM prapoaad tha approsdaatlon In aquation 
XV| ha aiipaatad a aaeond ardar traaaltlon at T ,^ and an laflnlta 
ralaxatlon t l a a ^ at f-f^t A third approaah graw froa tha hrhrld 
aaaaapt of Maeada and Utav l t t • Aaaordlng to thaa tha Tlaooaltlaa 
atgr ha axpraaaad In tarao of tha •xfm antropy or fraa voluaot 
la A| • A • R/RT *v/{f'-ifj O' 
Aagall* had aloo aoatldarad tha ralatlva ralaa of •truetoral 
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ooafignratlon and boii<l •a«rf3r in t«ni« of AAtm^thh* tquation, 
n« Msootatod tiM p«r«ii«t«r B*' (of oqptAtioa III) to rolaUro 
Hond oiroiigtli and (f-f^) with tho «»>o»« oiitropr, fHo ooaolu-
oiott of al l tho tiiroo iq^proaeiioa oaa boat bo aooa froa tbo attapo 
of tbo ottiTo on a» Arrboaiaa plot (log^i Va i/1^)« I t ia ascpaotad 
that tbo vaaicar tbo intamolaottlar blading, tbo blgbar i d l l ba 
the <mr*.tm-.«°. 
In this «ay» dlattaot baborlonra of viaooaitiaa baira baan 
reported • At bigb tai^»arataras (region I) the oodal propoaad 
tm Arrbenlaa viaeoal^ babanrloor raaaltlng froa a narrow aiagla 
aiatrlbntioa of aotlvation onargjr* At iatemediato teaparatiira 
(region II) the aodel prc^oaaa a dapartare froa Arrbaaian 
•iaeoaitr bebariour a^aob ia eharaaterised by tbe appearanoa of 
a tea^erataraHlepeBdaat diatribntioa of aotivatimi aaergiea* 
Finally, ragioa III ooaaista of a ratam to Arrhaniaa bebaviour 
reaolting froa the i^iproaeb of tbo diatribntioa to a teapera1»ire* 
indapaadaat bat large aidtb of aetivatioa eaergjr* 
(a) Let tbe frietioaal ferae f| reaiating tbe relative aotioa 
of tee logrera la prepertioaal to S, tbe area of iaterfaae beteeea 
tbea or f (^ S aad i t ia alee prepertioaal to tbe Tolooitr* 
gradieat .bateeea t«o larara» i«e*t f o c - l ^ • Tbea aeoordiag to 
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!f««tOI|*g IttV of • iMOOa flOVf 
f^Sg U) 
\m f 1/3 «^^ • « « • . • • • • • (U) 
f / s wAi tUbAn • • r 
«tioro 'v) ! • oallttd tbe ooofflolent of vlf008llgr« f/t» or foroe/ 
tmlt area la called 'Shear atressS Pf while Of/dr la ^ e rata 
of aboar *G*« iVov aa« (11) heooaea 
(b) When flow of a *li<»ogeneoa8 liquid' throagb a on^lllary 
tdbo la ooiialdared» the vlaooalty of a liquid aoeordlng to the 
l>ola«alll*a aquation or Stoke aquatloa la given aa 
nhara • la the tralaae of the liquid^ t la the tine of flow of the 
liquid through a given length of a eaplllaryt r la the radlna 
of the ae^lllarrt ^ i« the length of a aaplllary of the •laae* 
•etart and P la the pr%99ur9 under the Influenae of vhleh a 
liquid rnvft 
- ilT • 
Tli« •<ittaUoii ( I T ) for two difforont liqai^s asing tlio 
Bam» vliKiottotor and ««M Toliuio of these liquids oan be written 
as 4 
\ « I- ^ ?r 
ir^-r^t, 7,--:^^f^ 
On oonparing the viscosities of the two liquids^ we get 
fherefore 7^/ Tg • " ""• • * '*' 
^ 4«*a a^*a 
This exfiresnion gives visoosity of the f irst liqaid with respect 
to the seeond. 
C« Caloolation of density^ 
Density oan he oaloalated Igr asinf a threa paraaeters 
aquationI 
f * r f^ •o^d- t , ) • ft ( t - t , ) * • Y ( t - t . ) * j • 10-^ 
where ^ ha the density at t^ or 0*c, cc 9 ^ 3 t •&< T are 
taaparaturs aoeffiolettts whioh depend on the nature of the liquid* 
Howvver* the density data are least square fitted to the equatlout 
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/ • • - tot or«r « apteifltd rmg9 of t«ap«r«tiir«i vliare « and to 
«r« t«a|i«r«tiir« ladtptndtiit parwM>t«r* and dtpaad on tli« sfttar* 
of tile liqntd* 
(a> 19ie enarsr of ootiration for fltUdltyt BJ wa» oalottlatod 
froa the darlvatlvaa of the following en^lrloal equatloaa. 
|f • a • bt • ot^ - • • • • • - • - • • * (Q) 
and 0 m a'exp /•-h»/(f-o*)J^ - • • - - - • * (9) 
tihere 0 le the fluidity, a, b and o and a*, b* and o* are the 
paraaeters of the respeotlre eqnatlon!) and t(^0) and 'si^^tt) 
atwid for the teaperatare* 
The equation (8) aajr be inrltten aa 
0 • a • b (T-aT3) • c(f-8Ta)* 
Taking Ita togarltha and dlffereatlatlat with reapeet to T ae get, 
la0 • la /"a • b(T-gT3) • <i{f^2t9)*J 
Hl^  mr » • at {f'^m} • 7 
* ' a • b (T-ata) • c(T-aTa)* 
Slaee j | | y j j • -T* ( ^jjF ) ae hare. 
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»^^7TT » ^ • • II ( f«at3) • c (T-3T3)* ^ 
^ A • b ( f-aT3) • C (T-aT3)* 
(b) Slitllarty by <tiffer«iiti«titis the Xosarithm of eqtiatioa 
M vn !i«ro the dtrivative / ^ l i i 0 / "5 ('f^)J as 
Therefore y wo liave 
rfiffi »a b« -E, mm • •* (^^ • 
.a b« 
(«) TIM •aargy of ootlTattoii for flulditjri S^ ««• otaiii 
oatotttatod fro« tbo «ortvaUTo» / I B I M / a(t*^)7«oia< tho 
oxprotaloa 
Taktag lagartttn and difforoaUatlat « i ^ roapoat to 7^  «• I«^ 
« lao 
E 
^ 0 ffuvtaaeiital «qaatloii for transport prooesse* i s 
^(D, JJ, JL , ) • .^D, 0, A. . ) T-^/^expif"^ (0i Wf A . — ) / 
(^•^o>-7 ( U ) 
tnd fundiBBeiitat oxprossloa for ^ffos ioa and flaiditjr respootiToljr 
are 
0 « AQT"*/2«XP /"•*!,/( T-r^)-? - • - - (13) 
and »-i/a Jl • A^  T**'^ a3cp /"-fc^ / (T-T^)jr • • - - - (13) 
Frott aqtxatioa (12)# a oorraotad aaargy of aetlvatioa» ^ ^^^^ 
lias been daflaad * as 
*aarr • "^ * * / * ' - - • - - - • • (14) 
Oslag stokas • Blastaln aqaatloa oaa darlTsa aatlvatloa aaersy 
for fluidity as 
i>h*r« r^ ! • th* radlu* of ttk lea, k k* tka Boltmoa •oaataat 
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o 
Ep • ^ ^ f • kB /•^-1-p.jra, and 
ar 
Oalng equation (l4)f «• getg 
o 
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T h e dens i t i e s a n d v iscos i t ies of qu ino l ine have been m e a s u r e d a t s eve ra l t e m p e r a t u r e s . T h e 
p a r a m e t e r s of the dens i ty , v iscosi ty and fluidity of n - o c t a n e , t o luene a n d qu ino l ine have been 
c o m p u t e d . S i m i l a r s t ud i e s have been m a d e in the ca se of m o l t e n sa l t m i x t u r e [C0CI2 + 
n-(G4H9)iNI] u s i n g the viscosi ty of qu inol ine a s reference . T h e dens i t i e s a r e found to v a r y 
l inear ly wi th t e m p e r a t u r e . T h e l o g a r i t h m i c p lo ts of v iscos i ty and fluidity v e r s u s rec ip roca l s 
of t e m p e r a t u r e a n d free v o l u m e respec t ive ly have been found to b e l i nea r . T h e ene rg ie s of 
ac t iva t ion for qu ino l ine and the m o l t e n sa l t m i x t u r e a r e found to b e 3-704 a n d 12-54 kca l mole-'^ 
respec t ive ly . T h e s e d a t a s u p p o r t t h e p r e s e n c e of i n t e r l o c k i n g a r r a n g e m e n t s in t he g lassy 
m a t e r i a l , {(CoCl2l2)[rt-(C4H„)4N]2}x. 
MUCH interest has been shown recently in the investigation of the various aspects of the glassy substances^"^. The density, viscosity 
and the conductance measurements have been made 
in molten salt mixtures as well as in organic liquids 
which supercool to glasses*"*. The Arrhenius equa-
tion has iaeen reported to be of limited applicability 
as it fails to account for the behaviour of viscosity 
of highly associated liquids in the region of their 
melting points^. Doolittle^'^'^" has, however, intro-
duced an alternative equation 
ln-fi = A'+B'volvf ...(1) 
in which the importance of free volume (vf) in 
describing the behaviour of viscosity patterns as a 
function of temperature has been emphasized. 
The present work has been undertaken in order 
to investigate the probable relationship between 
highly viscous organic liquids and the metal ion 
rich mixtures of the molten salt which supercool to 
glasses^'-. The causes of supercooling and the 
mechanism of molecular mobility have been as-
cribed to the molecular interlocking phenomenon 
in highly viscous media. 
Materials and Methods 
Toluene, M-octane (BDH), and quinoline (Riedel) 
were used for calibrating viscosities. Tetra-«-butyl-
ammonium iodide (BDH) was used as solvent in the 
molten state. Anhydrous CoClg was prepared from 
its hexahydrate (Sojuzechime) by heating at 135°C. 
Density and viscosity measurements were made 
with a dilatometer* of 0-02 ml divisions, and a Can-
non-Fenske type^^ viscometer respectively. They 
were immersed in a thermostated oil-bath of +0-5°C 
thermal stability. These measurements were made 
over temperature ranges 301-363°K in the case of 
toluene and m-octane; and over the ranges 313-418°K 
and 373-418°K in the case of quinoline and the 
molten salt mixtures respectively. 
The viscometer was clamped in a fixed vertical 
position and filled with a known volume of the 
liquid which was thermostated for 30 min before 
each measurement. It was calibrated with M-octane 
using toluene as the reference liquid whose viscosity 
was computed with the help of the reported 
expression^'. The viscosities of »-octane thus ob-
tained were compared with those of the calculated 
values. The viscosities of quinoline were obtained 
at 313-363°K using those of w-octane as reference; 
and at 373-418°K by extrapolating the plot of 
log (yjXlO') against lO'/T. These extrapolated 
values were used as reference for the determination 
of viscosities of the molten salt mixtures. The time 
of flow of the liquids was reproducible within 
± 0 4 % . All the measurements were made in an 
inert atmosphere. 
Similarly the densities were calculated as a 
function of temperature using the reported expres-
sion^* and compared with those observed. 
Results and Discussion 
The densities and viscosities of «-octane, toluene, 
quinoline and the molten salt mixture are recorded 
in Tables 1 to 4. The limiting specific densities 
{d„) have been obtained by extrapolating the plots 
of the density versus temperature to 0°K. The 
T A B L E 
Temp, 
°K 
301 
313 
323 
333 
343 
353 
363 
1 — D E N S I T I E S 
d 
g ml 
0-7170 
(0-6958) 
0-7087 
(0-6859) 
0-6827 
(0-6777) 
0-6899 
(0-6695) 
0-6812 
(0-6612) 
0-6719 
(0-6527) 
0-6637 
(0-6441) 
AND V I S C O S I T I E S OF 
V 
ml g-> 
1-395 
(1-437) 
1-411 
(1-457) 
1-465 
(1-475) 
1-450 
(1-494) 
1-469 
(1-512) 
1-488 
(1-532) 
1-507 
(1-552) 
Calculated values are given 
Vf 
ml g-i 
0-355 
(0-385) 
0-371 
(0-404) 
0-425 
(0-422) 
0-410 
(0-441) 
0-429 
(0-459) 
0-448 
(0-479) 
0-467 
(0-499) 
K-OCTANE 
vixlO» 
poise 
4-967 
(5-008) 
4-111 
(4-364) 
3-685 
(3-945) 
3-312 
(3-584) 
2-987 
(3-271) 
2-756 
(3-153) 
2-515 
(2-794) 
in parentheses. 
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TABLE 2 — DENSITIES AND VISCOSITIES OF TOLUENE 
Temp. 
"K 
301 
313 
323 
333 
343 
353 
363 
373 
g ml-1 
V 
ml g-' 
0-8823 
{0-8876) 
0-8724 
(0-8482) 
0-8612 
(0-8343) 
0-8517 
(0-8299) 
0-8424 
(0-8220) 
0-8319 
(0-8112) 
0-8232 
(0-8019) 
1-133 
(1-127) 
M 4 7 
(1-179) 
1-161 
(1-199) 
1-174 
(1-205) 
M 8 7 
(1-216) 
1-201 
(1-233) 
1-214 
(1-248) 
(0-7923) (1-262) 
Vj 
ml g-i 
0-2805 
(0-2396) 
0-2945 
(0-2916) 
0-3085 
(0-3116) 
0-3215 
(0-3176) 
0-3345 
(0-3286) 
0-3485 
(0-3456 
0-3615 
(0-3606) 
(0-3746) 
-OX 10' 
poise 
(5-356) 
(4-687) 
(4-230) 
(3-832) 
(3-486) 
(3-185) 
(2-914) 
(2-675) 
Calculated values are given in parentheses. 
T A B L E 3 — DENSITIES AND VISCOSITIES OF QUINOLINE 
Temp. 
°K 
313 
323 
333 
343 
353 
363 
373 
378 
383 
388 
393 
398 
403 
408 
413 
418 
g ml-i 
1-1102 
(1-078) 
1-1022 
(1-071) 
1-0942 
(1-063) 
1-0869 
(1-055) 
1-0771 
(1-047) 
1-0702 
(1-039) 
1-0619 
(1-031) 
1-0570 
(1-027) 
1-0529 
(1-023) 
1-0489 
(1-020) 
1-0473 
(1-015) 
1-0441 
(1-011) 
1-0425 
(1-0071 
1-0401 
(1-003) 
1-0394 
(0-999) 
1-0390 
(0-994) 
ml g-i 
0-9010 
(0-9274) 
0-9074 
(0-9337) 
0-9139 
(0-9408) 
0-9198 
(0-9477) 
0-9283 
(0-9552) 
0-9346 
(0-9627) 
0-9417 
(0-9701) 
0-9461 
(0-9738) 
0-9497 
(0-9777) 
0-9535 
(0-9804) 
0-9552 
(0-9S54) 
0-9579 
(0-9893) 
0-9590 
(0-9933) 
0-9616 
(0-9972) 
0-9627 
(1-001) 
0-9627 
(1-006) 
Vf 
ml g-> 
0-150 
0-157 
0-163 
0-169 
0-178 
0-184 
0-191 
0-195 
0-199 
0-203 
0-204 
0-207 
0-208 
0-211 
0-212 
0-212 
-otxlO" 
poise 
23-43 
19-29 
15-81 
13-46 
11-85 
10-47 
(8-913) 
(8-318) 
(7-943) 
(7-499) 
(6-998) 
(6-607) 
(6-237) 
(5-957) 
(5-623) 
(5-309) 
•Calculated values are given in parentheses-
tExtrapolated values are given in parentheses. 
limiting specific volume (WQ) of the liquid at 0°K, 
specific volume [v) at the appropriate temperature, 
and the free volume [v;) have been calculated 
from the density measurements using the Doolittle's 
expression^'* 
vi=v-v,= {m-{^ld,) - ( 2 ) 
The parameters of the observed and the calculated 
densities and viscosities as functions of temperature; 
and fluidities (reciprocal of viscosities) as a function 
of free volume have been computed by the least 
square method as shown in Table 5. The graphical 
results may be expressed by the following equations: 
= -0-8238 xl0-'(r)-4-0-9621 
= -0-8441 X 10-3(7)-f 0-9505 
= -0-9645 xlO-»(r)+1-1729 
= -0-8962 xlO-3(r)H-l-1272 
= -0-7195 xlO-»(r) +1-3323 
= -0-7968x10-3(7)+ 1-3281 
= -0-7088x10-3(7)+ 1-5322 
= 0-48147(W/r)-3-9226 
= 0-44845(103/r)-3-7863 
= 0-48325(103/r)-3-8671 
= 0-80936(103/7)-4-217 
log 7)obs(M-S mixt.) = 2-7405(103/7)-7-3166 
log 0obs(w-octane) = -0-4125(l/i:;/)+3-4683 
= -0-3879(l/w/)+3-3528 
= -0-3287(l/z)/)+3-4494 
= -0-2873(1/1;/)+3-5515 
I = -0-8938(1/?;/)+6-5293 
The densities have been found to vary linearly 
with temperature in all the systems under investiga-
tion. A reasonably good agreement in the observed 
and calculated densities andv iscosities has been 
^obs(w-octane) 
»calc 
<iobs(toluene) 
»calc 
o^bs (quinoline) 
^calc 
^obs(M-S mixt.) 
log 7)obs(w-octane) 
l og TJcalc 
log •y)caic(toluene) 
log irjobs(quinoline) 
log ^calc 
log 0caic(toluene) 
log ^obs (quinoline) 
log ^obs(M-S mixt.) 
T A B L E 4 - • D E N S I T I E S AND VISCOSITIES OF THE 
MOLTEN SALT MIXTURE 
Temp. 
°K 
373 
378 
383 
388 
393 
398 
403 
408 
413 
418 
g ml-i 
1-2681 
1-2641 
1-2600 
1-2570 
1-2540 
1-2522 
1-2471 
1 -2422 
1-2393 
1-2363 
V 
ml g-i 
0-7884 
0-7911 
0-7936 
0-7956 
0-7975 
0-7987 
0-8021 
0-80S2 
0-8072 
0-8091 
Vf 
ml g-i 
0-1357 
0-1384 
0-1409 
0-1429 
0-1448 
0-1460 
0-1494 
0-1525 
0-1545 
0-1564 
Y)XlO« 
poise 
1052-0 
897-8 
650-7 
547-8 
474-7 
347-6 
298-8 
251-6 
136-5 
130-6 
TABLE 5 — PARAMETERS OF DENSITIES , VISCOSITIES AND F L U I D I T I E S 
Systems 
»-Octane 
Toluene 
Quinoline 
Molten salt 
mixture 
Temp. range 1 /^o = "o X 10* 
°K ml/g 
•r,=AeEIRT <j, = A'e- Ixil"/ 
301-363 
301-363 
313-418 
373-418 
104-0 
(105-2)* 
85-25 
(88-74)» 
75-08 
(75-30)* 
65-27 
E-n, kcal/ 
mole 
2-203 
(2-052)* 
(2-09) t 
(2-211)* 
(2-12)t 
3-704 
12-54 
log A 
-3-9226 
(-3-7863)* 
(-3-8671)* 
-4 -217 
-7-3166 
0-913 
(0-849)" 
(0-864)" 
0-880 
3-154 
log A' 
3-468 
(3-353)" 
(3-449)* 
3-552 
6-529 
*Calculated values" ' '* . 
tAccording to Eyring's expression", Eri^ AEJ[1+1B(T-Tc)]. 
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, 5 - ^ .6 2.7 (curve d) 
2.A 2.5 2.6 2.7 2.8 2.9 3-0 3.1 3.2 3.3 3.<. 
1 0 / T (curves a - c ) 
Fig. 1 — Log plots of viscosity versus l /T for (a) toluene, 
(b) «-octane, (c) quinoline, and (d) molten salt mixture 
found. The free volume is found to increase with 
decrease in the density and the temperature indepen-
dent limiting specific volume, VQ, has been found to 
decrease from w-octane through the molten salt 
mixture. The logarithmic plots of viscosities and 
fluidities versus the reciprocals of temperature and 
free volume respectively are shown in Figs. 1 and 2. 
The increase in fluidities with free volume (Fig. 2) 
may apparently support the application of free 
volume theory in explcdning the viscosity of liquids 
as a function of temperature. However, independent 
plot of log (f> versus Ijvf in the case of the molten 
salt mixture (Fig. 2, curve d, broken line) using the 
extrapolated fluidities of quinoline as reference 
(Fig. 2c) based on the corresponding IJvf values 
and its comparison with that based on the use of 
extrapolated viscosities (Fig. Ic) obtained from the 
log 7) versus 1/r plots suggest a better fit of these 
data into Arrhenius' equation than those into 
Batchinski's or Doolittle's expression. It, therefore, 
appears that the mechanism of viscous flow should 
rather be considered in terms of the laminar flow 
of a liquid under its own weight; the order of 
magnitude of viscosity being determined by the 
extent of intermolecular interactions. 
A comparison of the energy of activation of 
viscosity, E-^ (Table 5), of the molten salt mixture 
with those of w-octane, toluene and quinoline indi-
cates the presence of much increased intermolecular 
forces in the molten mixture. This in turn may 
lead to the cluster formation or molecular inter-
locking^^"^' in such systems. The molten salt mix-
ture may, therefore, be regarded as highly associated 
liquid. At lower temperatures, an increase in the 
order of magnitude of the molecular interlocking 
appears to be one of the factors (besides large 
S 2.0 
U 2.0 2.4 2.8 3.2 3.6 4.4 4.8 5 J 5.6 6.0 6.4 6.8 
1/v. (curves a -c ) 
Fig. 2 — Log plots of fluidity versus Ijvf. for (a) toluene, 
(b) «-octane, (c) quinoline, and (d) molten salt mixture 
cation-to-OBlfcJon ratio of the molten solvent) res-
ponsible for the process of supercooling to glassy 
state. The non-planar molecular structure of the 
glassy material also supports this view^^. 
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